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Official Document, No. 6.

ANNUAL RKPORT

OF THE

SECRETARY OF AGRICIILTIIRE.

Harrisburg, Pa., January i, 1903.

Hon. WILLIAM A. STONE, Governor of Pennsylvania :

Sir: In compliance with the requirements of Sections 2, 3 and 6 of

the act of Legislature of March 13th, 1S95, establishing this Depart-

ment, I have the honor to present herewith my Annual Report

for the year 1902, being the Eighth Annual Report of the Department

of Agriculture of Pennsylvania.

The act creating the Department declares how it shall be organized

and defines the scope of its work. The Department has now had

eight years of existence, and its work has increased from a mere

beginning to its present proportions, extending its influence to all

parts of the State, and to dealing with agriculture in all of its

relations to the farmer, and to the educational and commercial in-

terests that affect his calling. Whilst the amount of work done,

and to be done, increases continually, yet as the officers of the De-

partment gain in experience and information, they are able, with

the same effort, to accomplish much more each succeeding year.

The time ought never to arrive when the operations of the De-

partment of Agriculture of Pennsylvania will fall into mere routine.

Its officers are dealing, face to face, with- powerful living forces,

many of whose operations are as yet imperfectly understood, but

which are never ceasing in their activity, and affect for good or ill

the interests of agriculture, and often increase or diminish its pro-
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4 ANNUAL REPORT OF THE Off. Doc.

duction to an extent impossible to conapute. A single insect sud-

denly appears by myriads and completely overruns eotire States; a

fungus growth multiplies in such enormous numbers as to blight

and completely destroy whole crops in a single week. The germs of

disease fill the atmosphere, and finding their way to the vital organs

of animal life, sweep the country clear of cattle. Food products are

doctored with substances injurious to health, whose identity only the

most skillful and painstaking microscopist or chemical examiner can

detect. Beverages are doctored with poisons to simulate the flavor

of wholesome drinks, or to conceal the decomposition that has al-

ready begun.

Whoever else may settle down to the stupor of routine, the De-

partment of Agriculture cannot, if it is to fulfill its mission and do

the work which it was created to perform. Its vigilance cannot be

relaxed for a single moment. Unceasing, indefatigable work must
characterize its officers and employes. The Department must keep

informed with regard to the latest and most reliable discoveries in

the scientific world, which affect agricultural people, or their indus-

try in anv of its parts, and must promptly disseminate this knowl-

edge throughout the State. It must keep in touch with educational

institutions, agricultural organizations, workers and experts in

other States and in foreign countries. It must, in short, be a great

information-giving bureau, intelligent and ever active; collecting and

sending forth reliable data for public use, correcting false im-

pressions and condemning ill-judged practices where they exist.

To properly meet these demands the best service that the most

capable possess is required.

The Department force has become familiar with the performance

of the several duties with which each is entrusted, and the work
of the several Divisions is, therefore, more satisfactory than ever

before. Division officers, attorneys, agents, chemists, inspectors,

clerks and messengers have come to know what is expected, and they

are able to promptly and effectively perform their respective duties.

CROPS.

The general condition and yield of the crops during the year, have
been about an average. Wheat was affected by early drouth, but
afterwards had abundance of moisture. The rains continued
through harvest, and a good deal of wheat was injured by sprouting.

The yield, however, is above expectation.

Corn in middle and western Pennsylvania, was caught by the early

September frosts and a large amount of immature and soft corn is

the result.

Oata was a good crop. Potatoes rotted considerably in many sec-

tions. The late crop is of good size and quality.
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Hay was short, but the rains during and after harvest, brought

lorvvai d the second crop to exceed the first in quantity.

Tobacco has proved a fairly, good crop a-ud was housed in good

condition.

The apple crop was large in some sections, and of good quality.

Peaches were only a partial crop. Pears were plenty, well developed

and of good flavor.

Prices of farm produce and wages have been maintained, as will

be seen, by rerLicnce to the table presented elsewhere in this report.

FARM HELP.

The securing of efQcient farm help is becoming more and more

serious each year. The wonderful development of the manufactur-

iLg, mining, commercial and transportation industries, has drained

the country of help until, in some localities, it is impossible to hire

labor at aoy price which the farmer can afford to pay. More women
have been working in the fields this year, than perhaps ever before in

the history of the State.

In suggesting a solution of this problem, I can only reiterate that

which was stated in my report last year, viz: "Smaller farms, gang

plows, wider harrows, mowers, horse rakes and drills; fast walking

horses; conveniences for the watering, feeding and stabliog of ani-

mals, and, in general, economy of effort in every direction.''

It is also becoming a question, as to whether we should not return

to the grazing and feeding of animals more extensively than we are

now doing. This system of husbandry economizes labor, and if

judiciously pursued, will be as remunerative, in the end, as many of

the methods, which require greater expenditure of effort, and a

larger force of hired help. The supply of first class beef is not likely

to be greater than the demand, for years to come, and Pennsylvania

is well adapted, in most of its area, to beef production. The rearing

of beef, swine, poultry, sheep and horses suggests, therefore, a means

of at least temporary relief, from the burden of labor which is now
imposed upon the Pennsylvania farmer, and at the same time in-

creases the fertility of his land, through the manufacture of barn-

yard manure from the feeding, at home, of crops raised upon the

farm.

DOMESTIC HELP.

The same dearth of help which embarrasses the farmer in caring

for bis crops, is found in securing domestic help to assist in his

home.

So many avenues of occupation are now open to women, which

require only from six to eight, or at most, ten hours, of their time

in a day, after which they are at liberty to do as they please, that
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nuwiy prefer this life, to domestic service. This freedom, and the

comrader}' and ecjiiality of young women, wliich comes from being

engaged in a common occupation, accounts, more than the price

which they receive for this labor, for their preferring factory or store

service, to that of life in a farm home. Whatever the cause, the fact

is, that young girls do leave for other lines of occupation, and the

country housewife is obliged to do the work, and care for her chil-

dren, unassisted by hired help. For this there seems to be oo relief,

except to simplify living, introduce improvements in the arrangement

of the interiors of homes, and adopt labor-saving appliances that wall

I educe steps and save strength. The difficulty, therefore, in secur-

ing labor, available when needed, both for farm work and domestic

service, has become a most serious obstacle in the way of profitable

agriculture.

CLASSIFICATION OF THE DEPxVRTMENT WORK.

The work of the Department is distributed among its various Divi-

sions, and each Division, through its official head, is entrusted with

the carrying out of all the details of the duties assigned. The fol-

lowing summary, shows "the classitication:

DIVISION OF FARMERS' INSTITUTES. The work of this Di

vision is educational, carrying information to the districts in which

the farmers" live, and reached during the past year about one hun-

dred and forty-four thousand farming people.

CROP REPORTS. The system of crop reports is made part of

the work of the Institute Division. Careful reporters are en-

gaged in collecting data for the Department in every county in the

State. These data are then arranged and published in the Annual

Report.

THE DAIRY AND FOOD DIVISION. This Division is under

the immediate supervision aod direction of a Dairy and Food Com-
missioner, who is charged with the enforcement of the laws rela-

ting to the inspection of the character of the various foods on sale

in the State, and the prosecution of those who are found violating

the law. The Commissioner has charge also of the Dairy industry

of the State, including dairy statistics and improved management
of creameries and dairy herds.

DIVISION OF ECONOMIC ZOOLOGY. This Division is in

charge of a Commissioner who is known as the The Economic Zoolo-

gist, whose duties are to make examination and investigations into
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I lie insect enemies of crops and report upon tbeir ravages and give

suggestions for their control or eradication. There is assigned to

this Division the Orchard, Greenhouse, Marliet Garden and Flower

Gardening industries of the State. Information is sent out bj him

to those engaged in these industries, giving the latest scientific and

practical discoveries in these lines of work, and as new questions

arise he endeavors to have investigations made and proper solution

discovered to meet the new conditions.

DIVISIOX CF \'ETEI{1NARY SCIENCE. The chief of this Di-

vision is bj law, required to be ''a graduate of some reputable vet-

erinary college." The law further makes it the duty of the Secre-

tary of Agriculture "to obtain and distribute information on all

matters relating to the raising and care of stock and poultry; the

best methods of producing wool and preparing the same for market."

This work is consigned to the V'eterinary Division. The Veteri-

narian is also a member of the State Live Stock Sanitary Board,

whose dut}' it is to "protect the health of the domestic animals of

the State," and powers to adopt means to effect this are granted by

the act creating the Board.

FERTILIZER INSPECTION AND ANALYSES. The work of

the licensing and inspection of Commercial Fertilizers is in the

hands of the Secretary. Agents are employed to collect samples

of goods upon the market, and these are transmitted to the chemists

for analyses. The results are published for the information of

farmers and dealers, twice each year. *

INSPECTION OF NURSERIES. The Legislature of 1901 passed

an act making it the duty of the Secretary of Agriculture "to cause

an examination to be made each year of each and every nursery or

other places in this State where trees, shrubs, vines or plants, com-

monly known as nursery stock, are grown for sale, for the purpose of

ascertaining whether the trees, shrubs, vines or plants, therein kept

or propagate! for sale, are infested with San Jose Scale or other in-

sect pest destructive of such trees, shrubs, vines or plants." Where
a nursery is free from these insect pests, a certificate stating the fact

is issued to the owner.

CONCENTRATED COMMERCIAL FEEDING STUFFS. Under
the act of 25th of April, 1901, all concentrated commercial feeding

stuffs sold in this State, such as "linseed meals, cottonseed mea^s,

gluten meals, maize feeds, starch feeds, sugar feeds, dried brewers'

grains, malt sprouts, hominy foods, cerealine feeds, rice meals,

ground beef or fish scraps, and all materials of similar nature," must
have affixed to the package containing them a label "certifying the

number of net pounds of feeding stuff contained therein; the name,

brand or trade mark under which the article is sold; the name and

address of the manufacturer or importer, and a statement of the
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percentages it coutains of crude fat and crude protein," Tlie Secre-

tary ol Agriculture is charged with the enforcement of this law.

LINSEED OIL INSPECTION. The act of 23d of April, A. D. 1901,

provides "That no person, firm or corporation shall manufacture or

mix for sale, sell or oiler for sale, under the name of raw linseed oil,

any article which is not wholly the product of commercially pure lin-

seed or flaxseed. Nor shall any person, firm or corporation manu-

facture or mix for sale, sell or offer for sale, under the name of boiled

linseed oil, any article unless the oil from which said article is made,

be wholly the product of commercially pure linseed or flaxseed, and

unless the same has been heated to at least two hundred and twenty

five degrees, Fahrenheit." The Secretary of Agriculture is charged

with the enforcement of this law.

SPECIAL INVESTIGATIONS. The law creating the Depart-

meot provides for "the employment of experts to make special

examinations and investigations." These experts are selected by

the Secretary, and the results of their examinations are printed

either in special Bulletins or in the Annual iieport. The investi-

gations are upon subjects relating to the agricultural industry.

BULLETINS. The Secretary is also directed to "publish from

time to time such bulletins of i^iformation as he may deem useful

and advisable, the number not to exceed five thousand copies of

any one bulletin." One hundred and six such publications have been

issued since 1895.

Ai^NUAL KEPOKT. Each year the Secretary is directed to

"make an Annual Report to the Governor," and in this report "he

may include so much of the reports of other organizations as he

shall deem proper." Thirty-one thousand six hundred copies are

authorized to be distributed; 9,000 to the Senate, 20,000 to the

House of Representatives, 2,000 copies to the Secretary of Agricul-

ture, 500 copies to the State Librarian, and to the State Experiment

Station. 100 copies.

BOOKS OF ACCOUNT. The General Books of Account of the

Department are in charge of the Secretary, and the Special Books
are in charge of the several Division officers.

REPORTS OF DIVISION OFFICERS. Monthly reports of the

operation of each Division for the preceding month are made to

the Secretary by the chief of each Division, and special reports

from time to time are made as may be necessary in order to keep

the Secretary fully informed as to the work of the several Divisions.

At the close of the year, full reports of the work of each Division

are made out and transmitted to the Secretary, and printed in

the Annual Report of the Department. The care of the library,

the reading of proof, and the mailing lists, are in charge of the Chief

Clerk.
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DIVISION OF FARMERS' INSTITUTES,

Farmers' Institutes in tiiis country, in the sense of their consisting

of assemblages of farmers, met for the discussion of agricultural

topics, extend as far back as the organization of the Philadelphia

Society for the Promotion of Agriculture in 1785. Later, in other

States similar agricultural societies and farm clubs took up, in some

degree, the same methods for the improvement of their members.

It was not, however, until quite recently that any well organized

or carefully planned system of farmers' institutes has existed. In

Pennsylvania, the first modern institute was held in 1877, under the

direction of the State liuard of Agriculture, and it was not until

1885, when the State made an appropriation for their maintenance,

that the work assumed anything like its present form.

The following States now have a system of Farmers' Institute

work organized, and are under the control of a 'State Director, the

State Board of Agriculture, or an Agricultural College or Experi-

ment Station ollicer: Alabama, California, Delaware, Georgia, Idaho,

Indiana, Iowa, Kansas, Maine, Maryland, Michigan, Minnesota, Mis-

sissippi, Missouri, Montana, New Hampshire, New Jersey, New York,

North Carolina, Ohio, Oregon, Pennsylvania, Rhode Island, South

Carolina, Vermont, Virginia, West Virginia and Wisconsin.

The Farmers' Institute is the result of the demand of modern agri-

culture for accurate information in regard to the underlying princi-

ples which control in the production of agricultural products. This

demand for definite and exact knowledge in agriculture, did not be-

come pressing so long as the lands were new and original fertility

was abundant and available for the production of crops. It was

not until the soil of the Eastern and Southern States had begun to be

exhausted and crops to fail, that thoughtful citizens began to cast

about for some means by which these lands could be restored, and

their subsequent deterioration be prevented, and continuous and

profitable crops be raised without permanent injury to the land.

In the effort to meet this question, which had become serious, the

Congress of the United States in 1861, provided for the establish-

ment of Colleges, whose leading object should be "to teach such

branches of learning as are related to agriculture and the mechanic

arts." Upon the establishment of these Colleges, it was some

2
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years before lliose responsible for their control, were able to formu-

late a course of study which would meet the requirements of the

country, or were able to secure the kind of teachers, competent to

impart the information needed. After these requirements had

been, in a measure, met by these new institutions, it was discovered

that comparatively few of the young men of »he country were willing

to pursue the course of study, in agriculture, which had been pre-

scribed. Whilst unquestionably, there was a pressing demand for

information on agricultural matters, on the part of a large number

cf those who were actively engaged in farming, there was compara-

tively little demand for this knowledge, on the part of the young peo-

ple in the schools. Instructors in these Colleges, also, soon discov-

ered, that there was comparatively little reliable information to be

had, in what is now known as ''Agricultural Science," or the sciences

in their relation to agriculture.

Out of these conditions, and to supply the needs for more exten-

sive and accurate information, the Congress passed, what is known
as the Hatch Experiment Station Act, which provided for the erec-

tion and support of Agricultural Experiment Stations in the several

States, for scientific research and experimentation in agriculture.

Since their establishment, and through the work of these Stations,

the stock of agricultural know ledge has been greatly enlarged, and,

is being daily, rapidly increased. This knowledge, if disseminated,

will be to the great advantage of the agricultural interests of ine

country.

The problem that now requires solution, is that of getting this in-

formation which is in existence, and such other, as it is discovered,

before the agricultural people of the country. Bulletins containing

this information are being issued by the Stations, and by the Depart-

ment of Agriculture, at Washington, but the large majority of the

farming people are not reached by this method. This is notably true

as regards the less progressive farmers, and the women and youth

in the farmers' families.

THE INSTITUTE A DISSEMINATOR OF INFORMATION.

The Farmers' Institute has been organized to supplement the

Agricultural College and the Experiment Station, in the work of

disseminating information on agricultural subjects throughout the

land. Its function is to take up-to-date, reliable and valuable

truth, as it relates to agriculture; to carry it out to assemblages of

people of both sexes and of all ages, and present it before them
orally, in condensed and attractive form, and in shape to be applied

in their everyday life; affording, at the same time, opportunity to

all, who are interested, to ask questions on points that they do not

fully understand.
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The Fai'ineis' Institute occupies the position, in the system oi' agii-

c ultuial education of to-day, in this country, of that of a disseminator

of agricultural knowledge among the masses, and of a stimulator of

desire and respect for such knowledge, by the masses. The insti-

tute is not simply to reach those who are now actively engaged

in the business of farming, but to reach, as well, the great masses

of our population, who have little or no knowledge or appreciation

of the advantages of agriculture, as a calling in life.

Its work is not limited to efforts to improve the condition of

existing farmers, but contemplates as well the creating of new, as

well as better farmers. It is wide extended in its influence,

and ought to be of the highest grade. It should accordingly be

planned and conducted upco lines correspondingly liberal, and com-

mensurate with the dignity of the Department, and the field of

usefulness that it is organized to fill.

THE INSTITUTE LECTURER.

Inasmuch as the work to be performed requires the service of

experts, no one should be employed who is not thoroughly competent

for the special service that he is expected to render. It should not

be an asylum for lazy persons or incompetents, and no political

consideraticiis should enter into the qualifications of any one em-

ployed, and the compensation should be sufhcient to induce the

best experts in the country to desire the positions. Sufficient money
should be appropriated to enable the Department to retain in its

employ some of the most capable men during the entire year. The
permanent employme'nt of at least a few capable men and women
should be the rule. Men who are competent, are, as a general thing,

not unemployed, and their services cannot be had and dispensed

with at pleasure. The institute lecturer or teacher is the heart of

the institute work. If competent men cannot be had, then the

whole system will be a failure, a«d the money that is expended be

thrown awav.

The development and training of these lecturers, should, therefore,

be part of the v>'ork of the Department. They should be brought

together several times each year for conference and study. They
should be sent to examine and study the work of the State College,

so far as it relates to agricultural affairs, and of the State Experi-

ment Station. They should be put in the way of getting the best

literature upon their several specialties. In short, they should

themselves be students of agriculture, and be posted in all that takes

place in their special work throughout the world.
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THE DIRECTING OF THE WORK.

The directing of the Fanners' Institute woric in Peuiisylvauia, is

made the special duty of the Deputy Secretary of Agriculture.

During the past season, there were scheduled and held 135 two-day,

and 54 one-day institutes, a total of 324 days, divided into 782 ses-

sions. The Department sent out, at its expense, 5i lecturers to give

instruction, and the local managers supplied 684 more, making a

total of 735. These lecturers addressed in all, over 144,000 people

(144,431). The average daily attendance was 445; the largest daily

attendance for any one county was 925, and the smallest was 50.

For institute purposes, the State is divided into five sections, ap-

portioning the work of each section as nearly equal as possible. The
institutes began December 3d and coiitiuued to March 4th. At
each institute the Department had present at least three of its lec-

turers, one of whom is the special representative of the Department,

and has charge of the section. The local manager makes up the pro-

gramme of exercises subject to the approval of the Director of In-

stitutes.

The apportionment of time to be given to each count}- for insti-

tute work, is made on the basis of two davs of institute to everv

cou-nty having not over 1,000 farms; three days to each county having

more than 1,000 and not over 1,500; afterw^ards one day for each

1,500 farms or fraction thereof additional. This insures Depart-

ment aid to each county in proportion to its agricultural interests.

The following schedule shows the number of days allotted to each

county and arranged upon this basis, for the season of 1001-1902:
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l*ast exiierience i«i most of tlio couutk'S has showu that the two

days institute is miicli more economical and oflieient than the one*

day meetinij. In the one-day meeting the time is usually given to the

visiting lecturers to the exclusion of local aid, on the ground that the

people wish to hear the strangers, and as there is not time to hear aM,

the visitors are given the preference. This is a serious mistake.

The main object of the institute is the development of the local peo-

ple, and w'hatever interferes with this, ought to be corrected. A
two day institute gives ample time for all to be heard, and provides,

also for the deliberate and full discussion of matters of interest that

may arise. The morning session of the first day is almost always a

failure and ought to be dropped, and the institute begin at one P. M.,

and continue for five sessions. This gives time for the visiting lec-

turers to reach the ground, and begin the work with the advantage

of a full house.

The demand for institutes is such, that it has now become verv

diflficult to determine the localities which shall be favored. I wish

to reiterate what I have said in reporting upon this work in previous

years, that there should be appropriated for institutes at least

^25,000 per year. The progress of the work has reached such a stage

that this larger sum can be expended to the great advantage of our

farming industry, and there will be returned to the State many-fold,

that which it invests, in the furtherance of this great school of agri-

nltural education.

DAIRY AND FOOD DIVISION.

The work of this Division is most important and extensive. The
protecting of the people against food adulteration, and food sub-

stances injurious to health is worthy of the best efforts of the State.

This work has been committed to the Department of Agriculture and
the Legislature has enacted laws and appropriated money to secure

this result. What has been done has been set forth in detail and
published in bulletins and distributed for the information of the pub-

lic. Before the publication of these bulletins, there was considera-

ble criticism of the Department for supposed inactivity in the en-

forcement of the pure food laws, but the facts, as disclosed by the

bulletins, effectually silenced all of these cdtics, by showing them the

amount of work that has been done in this direction.
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There was occasion, recently, to compile the work of the Dairy and

Food Division for the two and a half years ending July 1st, 1902,

which may be of interest to present in this report as showing the

activity of the Dei>artment, a«d the effective character of its work.

The following table gives a summary of what has been accomplished

in the period oamed:

Samples of butter analyzed Jan. 1st, 1900, to July 1st, 1902,. 3,023

Found to be pure, 1,019

Found to be oleomargarine, 1,840

Found to be renovated butter, 164

All of these samples were sold as butter except 103, which were

sold as oleomargarine, and (U which were sold as butterine.

Samples of cheese analyzed, 31

Found to be standard, 15

Found to be below standard, 16

Samples of milk analyzed, 436

Found to be pure, 320

Found to be adulterated, 116

Samples of condensed milk analyzed, 29

Found to be pure, 21

Found to be adulterated, 8

Samples of vinegar analyzed, 135

Found to be pure, 76

Found to be adulterated, 59

The samples just mentioned, were taken under the provisions of

special laws, passed for the regulation of the sale of these particular

articles of food.

The following samples were taken under a general law, enacted in

1895, known as the Pure Food Law, the main features of which ap-

pear in its first three sections, which are as follows:

"Section 1. Be it enacted, &c.. That no person shall, within this

State, manufacture for sale, offer for sale or sell any article of food

which is adulterated within the meaning of this act.

"Section 2. The term "food," as used herein, shall include all arti-

cles used for food or drink by man, whether simple, mixed or com-

pound.
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"Section 3. An article shall be deemed to be adulterated within the

meaning of this act,

(a) In the ease of food: (1) If auy substance or substances have

been mixed with it so as to lower or depreciate or injuriously affect

its quality, strength or purity. (2) If any inferior or cheaper sub-

stance or substances have been substituted wholly or io part for it.

(3) If an^- valuable or necessary constituent or ingredient has been

wholly or in part abstracted from it. (4) If it is an imitation of or

is sold under the name of another article. .(5) If it consists wholly or

in part of a diseased, decomposed, putrid, infected, tainted or rotten

animal or vegetable substance or article, whether manufactured or

not—or in case of milk, if it is the product of a diseased animal. (6)

If it is colored, coated, polished or powdered, whereby damage or

inferiority is concealed, or if by any means it is made to appear bet-

ter or of greater value than it really is. (7) If it contains any added

substance or ingredient which is poisonous or injurious to health:

Provided, That the provisions of this act shall not apply to mixtures

or compounds recognized as ordinary articles or ingredients of arti-

cles of food, if each and every package sold or offered for sale be dis-

tinctly labeled as mixtures or compounds, and are not injurious to

health."

Under this act, one thousand three hundred and sixty-nine (1,369\

samples of food were taken by the Department and analyzed:



No. 6. DEPARTMENT OF AGRICULTURE. 17

three samples of food products, often taken under quite difQcult

conditions, but also in the expert knowledge of a high character and

in the painstaking labor, which were necessary-, in order to analyze

all of these samples, and to do this, in each case, with such accuracy

and certainty as to warrant the analyst in testifying under oath, as

to the correctr^ess of his results.

Along with this was the work of the attorneys and agents in the

prosecution in court of OA^er two thousand cases which were brought,

the collection of the fines and penalties ,the keeping of full and cor-

rect records in the ofhce, and in the publication of the results, all

of which ,it is believed, represents more work than has been per-

formed in the same time, by the Food Departments of any three other

States in the Union.

The Conunissioner reports that during the past year, there had
been collected by the agents, analyzed by the chemists, and reported

to him, two thousand and fifty-two (2,052) samples of the several

food products, and that of this number, 1,122 samples were found to

be pure or true to name and 903 adulterated.

There were 310 licenses issued for the sale of oleomargarine,

which brought into the Treasury of the State $23,927.05. Two li-

censes were issued for the sale of renovated butter, for which there

was received and paid into the State Treasury 1706.07. There were
collected in fines and penalties and paid into the State Treasury the

following amounts under the respective Acts:

FINES AND COSTS.

Pure Food Act, |8,022 20

Oleomargarine Act, 8,463 93

Renovated Butter Act, 578 58

Milk Act, 1,177 24

Cheese Act, 169 50

Vinegar Act, 447 42

Lard Act, 23 00

Total, 118,881 87

2—6—1902
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The total, therefore, collected during the year 1002 and paid into

the State Treasury up to December 1st, was:

Oleomargarine licenses, |23,927 05

Renovated butter licenses, 766 07

Fines and costs, 18,881 87

Total, $43,574 99

These facts show that there are still unscrupulous compounders

of foods, who are willing for personal profit, to drug with poison,

and to dilute with inferior articles, the various foods which they

offer to the consuming public; and whilst, as has been shown, much
has been done in the past several years to clear the shelves, shops

and markets of this State of adulterated and dangerous foods, there

is necessity for continued activitj', in order to secure universal com-

pliance with our laws.

The responsibility for food adulteration can be fixed upon three

distinct classes of people; the manufacturer, the jobber and the

retailer.

The control of food adulteration as it affects the manufacturer,

jobber and retail dealer, must, of necessit}', be through the medium
of laws regulating their trade, enforced by public oflBcers delegated

for the purpose. The proper framing of these laws, so as to protect

the public against fraud and injury to health, is a task of no small

magnitude. Care must be exercised, not to unnecessarily restrict,

or iojure, manufacturers and others, in their efforts to improve their

processes, or in endeavoring to provide new combinations of food

which are beneficial to the public.

These laws should be, both State and National. The State laws,

to secure the proper control of foods produced and sold within the

State; and the National laws, for the regulating of the character of

foods on the markets outside of the State in which they were manu-

factured or produced.

All of these laws should be definite and explicit io their require-

ments, leaving as little as possible for interpretation or ruling by

the executive, or for contetition in the courts. The Pennsylvania De-

partment of Agriculture has, with great care, and after frequent con-

sultations with its corps of food experts, chemists, attorneys and

agents, prepared and published a set of rulings, together with defini-

tions and standards on food products, which it is believed will protect

the public, are fair and just to the manufacturers and dealers, and
are in strict accordance with the spirit of the law, regulating the

manufacture and sale of food in this State.

Legislatioo, for the control of food adulteration, has thus far been
confined to the several States, acting independently of each other.
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As a consequence, these laws differ widely in their reqiiireineuts

and are embarrassing to manufacturers and jobbers whose foods go

into all sections of the country. Those who are m charge of the en-

forcement of the pure food laws in the several states, are unanimous

in the conviction, that a National Pure Food law is a necessity, if

freedom from adulteration in food is ever to be a reality. State laws

are, necessarih', confined in their scope, to State boundaries, and

manufacturers and jobbers living outside of these lines, cannot be

reached. All that can be done, is to arrest the dealer in the State,

who handles their goods, and vrho, not infrequently, is ionocent of

any iuteution to deceive or cause injury to the public health.

In a pa[)er recently presented by me before the National Associa-

tion of Dairy and Food Commissioners, o« this subject, I stated that

a National food law should have six purposes, clearly defined:

"1st. It should protect the public health.

"2d. It should prevent fraud.

"3d. Such a law should protect foreign commerce.

"4:th. It should provide for the proper labeling of all food products

placed upon the markets.

"5tli. It should provide tor the fixing of standards.

"6th. The law should provide for the publication of the results

of the work of the Bureau."

Such a law has been prepared, and has the endorsement of the

National Association of Dairy and Food Commissioners, and will be

presented before Congress at its next meeting. It should have the

active support of all who are interested in securing pure food for the

people.

SUPREME COURT DECISION.

A most important decision has been handed down by the Supreme
Court of Pennsylvania affecting the question of the amount of a sub-

stance, which is in itself poisonous, that can be added to a food under

the Pure Food Law of the State. The case is known as that of the

Commonwealth vs. John W. Kevin, appealed from the Superior Court

of Pennsylvania to the Supreme Court of the State. The opinion

was filed by Judge Mestrezat, March 3, 1902. The case is stated

as follows:

The defendant, who is engaged in the grocery business in the city

of Philadelphia, v,as tried and convicted in the court of quarter

sessions of Philadelphia county on an indictment charging him with

having sold "one pint of raspberry syrup, the said raspberry syrup

then and there containing an added substance and ingredient, to wit,

salicylic acid, which is poisonous and injurious to health." The in-

dictment was found under the act of June 26, 1895, P. L. 317, entitled

"An act to provide against the adulteration of food and providing for

the enforcement thereof," and commonly known as the Pure Food

Law.
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The first section prohibits the manufacture or sale of adulterated

food, the second section defines the term "food" as used in the act,

and the third section provides inter alia that "an article shall be

deemed to be adulterated within the meaning of this act: (a) in case

of food * * *
(7) if it contains any added substance or ingredient

which is poisonous or injurious to health." The defendant was in-

dicted for a violation of the seventh clause of the third section of

the act.

The court below held that "If the foreign substance added to an

article of food is poisonous or injurious in any quantity, the statute

declares it to be an adulteration." This position was affirmed by

the Supreme Court in- the following lauguage:

"We are of the opinion that the learned trial judge properly in-

terpreted the act of Assembly under which this iudictment was

drawn, and that, therefore, his rulings on the admission of testimony,

and his answer to points for charge, which are complained of in the

assignment of error, were correct."

This decision has greatly simplified the work of the Department

in enforcing the Pennsylvania Food Laws. There can now be no

defense set up, that the quantity of the poisonous substance is so

small as to have no injurious effect upon health, but if it can be

shown that any added poisonous ingredient is present in even the

smallest quantity, the defendant is liable to the penalty prescribed

by the law.

ACTION OF STATE MEDICAL, SOCIETY.

Early in this yeat an invitation was received by the secretary of the

Department to appear before the Medical Society of the State of

Pennsjivania, at their annual meeting to be held in Allentown, Pa.,

September IGth, 17th and ISth, to address them upon the subject

of "Food Adulteration." In presenting the subject, the fact w^as

brought out that there is lack of agreement in the medical profes-

sion, in regard to the effect upon health of certain preservatives

frequently found in foods. Inasmuch as this lack of unanimity of

opinion has been a serious embarrassment to the Department in its

enforcement of the laws, I take the liberty of quoting from that

address the portion which relates to this sdbject:

"I can bear testimony to the valuable service, which members of

this association have rendered the food authoratives of this State,

when called upon to testify as to the effect of certain specified adul-

terations, upon the health of the persons who consume them. At
the same time, I call yotir attention to the fact, that those who are

on trial for adulterating foods, or selling foods that have been adul-

terated, confront us with medical experts who testify, that salicylic



No. 6. DEPARTMENT OF AGRICULTURE; 21

acid is not injurious to healtli, and that boracic acid compounds and

benzoate of soda are harmless ingredients of food. Thus doctors

disagree. Has medicine still to depend upon opinions, or guessing,

in matters such as these? Why should medical testimony, on sub-

jects so inii)ortant conflict among men who have graduated from the

same school of medicine, and have had equal opportunities to ob-

serve? Pure food officers, judges and juries are dependent upon

you, for testimony as to the effects of ingredients found in food,

upon the public health. We can go no further than you permit. A
bill was before the last Legislature to protect meat from adultera-

tion by the use of salicylic acid, and it failed, because eminent physi-

cians declared, before the committee of the Senate, that they used

it in their practice with no harmful effects upon the public health.

The Department recently lost an important case in which borax

had been used, through the evidence of local physicians who did

not think it harmful as a preservative of butter.

"Would it not be well for this Society, to appoint a committee

of its most experienced members, to take up the question of the

effects of the various substances now employed for the preservation

and adulteration of our foods, and report their conclusions to this

body at its meeting in 1903? The field of food adulteration is a wide

one, and needs investigation more, perhaps, than any other. The

duty, sooner or later, must fall upon you, and I urge that you do not

defer, but take it up at once, and aid in settling, once for all, all

doubt as to the character of these substances, that are now so

freely and indiscriminately used, to dose our foods.

"The officers who enforce the food laws in this State must face

the difficult questions which continually arise in the matter of the

coloring and preserving of foods as well as the right of manufac-

turers to low^er or depreciate their value, through the addition of

cheaper substances of inferior grade. Many of these questions are

pathological in their character, and require for their proper answer,

knowledge which only experts and specialists can supply. If a prop-

erly qualified board, made up of memliers of your society, were ap-

pointed, these questions could be referred to them, and their reply

would often determine the action which should be taken."

In response to this request the Society passed the following res-

olution:

" Whereas^ The Department of Agriculture of the State of Pennsyl-

vania through its work in the examination of food, discloses the fact,

that there are in the general market, foods that either are below

the standard of commercial value, or those that are adulterated by

the mixture of poisonous or injurious matters, either to increase the

profit, change the color and texture, or to unduly preserve from
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decomposition, and as these chaifges have in many instances been

followed by the arrest and conviction of the manufacturers or

dealers, in the different courts of our State, proving that the claims

of the Department of Agriculture are well grounded, and their

efforts to protect the health of the people demands our co-operation.

'''•Resolved^ That the Presiderit of the Medical Society of the

State of Pennsylvania, a])point a committee of five members, who
shall consider the (juestion of food adulteration, the use and abuse

of the various so-called preservallves and the coloring of food, and

the effect of these adulterants upon the health of the people.

This committee, if appointed, to investigate and report at our next

annual meeting; and be it further

''^Resolved, That the officers of the Department of Agriculture of

the State of Pennsylvania be asked to co-operate in the work of

our committee."

The committee was duly appointed with Dr. Henry Leffman, of

Philadelphia, as chairman.

This action by the Medical Society, representing a membership

of over 3,500 physicians will, unquestionably, result i«i great good

to the general public, and materially assist the Department in its

enforcement of the Pennsylvania food laws.

A DIVISION OF ANIMAL HUSBANDRY.

It is apparent, from the amount of work which the Dairy and Food
Division has performed in the enforcemeitt of the food laws of the

Commonwealth, that there is no time for giving proper attention to

that other branch of the work of this Division, oameh', the develop-

ment of our dairy iodustry.

We do not at present suppl}- much more than one-half of the

butter needed by our citizens. With the facilities for milk produc-

tion which tliis State affords, we should not be dependent upon our

neighbors for our supply of dairy products. Special attention to

this branch of our fai-ming industry, by a capable and enthusiastic

oflticer, unembarrassed b}' the difficulties attending food control

would soon bring about an increase in our dairj' production.

We have also the question of an increase in our home raised beef

sup})l3'. Many thousands of acres of land throughout the State are

admirably adajited to the growth of beef and mutton. The great

ranges of the West have almost disappeared, and the supply of the

future must soon be grown upon the smaller farms of the East.

South and middle West. There are also the breeding of swine and
poultry which have never yet been seriously taken up in Pennsyl

yania, Hitjierto they have rather been adjuncts or subordinate
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branches of our farm production. No more profitable branch of

farming exists than this, if properly understood and conducted.

There is also an increasing demand for well bred horses for draft

and driving purposes. A large part of the supply for use in Penn-

sylvania is brought from other States which are no better situated

than our own for the breeding of this class of our domestic animals.

These subjects, representing as I have elsewhere indicated, an

investment of about |125,000,000.00, could easily be increased to

double or treble their present number.

The State Live Stock Sanitary Board already has its special work

in caring for the health of our live stock, and conducting investiga

tions into the causes of, and discovering remedies for, the diseases

that affect domestic animals throughout the State.

The particular work, therefore, now needed, and for which no pro-

vision has been made, is the looking after the commercial side of the

live stock industry of the State. I suggest that a Division be created

in the Department of Agriculture, to be tnown as the Division of

Aiiimal Husbatidry, to be under the direction of a Commissioner who
shall have a clerk, and be charged with the work of assisting and

building up the live stock industry of the State.

Such a Division would cost the State the salary of the Commis-

sioner, 12,500.00. and that of his clerk, |1,500.00, a total of p.000.00,

a small sum to expend, in promoting the interest of this most profita-

ble and imi)ortant branch of our farming industry.

DIVISION OF ECONOMIC ZOOLOGY

The work of this Division during the year has been largely con-

fined to the receiving and tabulating of the reports of the nursery

inspectors, and the issuing of certificates to nurserymen, declaring

that the nursery has been inspected and found to be free from San

Jos6 Scale, and other dangerous insect pest or pests.

The presence of San Jos^ Scale in many orchards in the State

has made the work of the nurservman most difficult. He is ex-

pected to keep his nursery free from this pest, although his neigh-

bors have it in their orchards, from whence it is carried by birds

into the grounds of the nurseryman, and infests his stock. It is,

therefore, becoming practically impossible for our nurserymen to

keep their stock clear from infestation. Pennsylvania is not ex-

ceptional in this respect, for the same difficulty is encountered in

almost all of the other States,
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When the San Jos6 Scale first appeared, entomologists set to

work to stamp it out, and adopted the most heroic treatment for this

purpose. There was general destruction of infested trees ordered on

every hand, and yet the scale spread more rapidly than the de-

stroyers could follow it, until it became evident, that the continuance

of this treatment would ultimately result in the loss of all the fruit

orchards of the country. Orchard and nursery inspectors were con-

sequently' compelled to abandon this method as a remedy, excejit in

extreme cases, and devote their attention to the discovering of some
insecticide that would be destructive of the insect, and yet do no in-

jury to the plants to which it is Jipplied. In short, they endeavored

to find a means of controlling the spread of this insect, rather than

to attempt the destruction of every single scale.

This has resulted, after much careful study and experimentation,

in their recommending three preparations, any one of which has been

found reasonably effective for this purpose. Crude petroleum either

mixed with from 75 to 80 per cent, of water, or used pure; whale

oil soap; and lime salt and sulphur, or sulphate of copper wash.

The latter two preparations are free from danger of doing damage
to the trees, and whilst the first is attended at times with injurious

effects, it is, perhaps, the most efficient in destroying the scale.

The Department has had several experts prepare bulletins of in-

formation upon the use of these and other insecticides. One by

Dr. H. T. Fernald, Entomologist for the State of Massachusetts,

one by Dr. J. B. Smith, Entomologist for the State of New Jersey,

one by Dr. A. V. Stubenrauch, Instructor in Horticulture in the

University of Illinois, and one by Prof. H. A. Surface, Professor of

Zoology in The Pennsylvania State College. The dissemination of

this information among our orchardists and nurserymen will be of

great value in enabling them to combat these insect foes.

At a general meeting of the nursery inspectors of the several

States, and of the entomologists connected with the colleges and
Experiment Stations of this country at Atlanta, Ga., in October of

last year, at which this Department was represented, the following

resolutions relating to nursery inspection were adopted.

1st.
—"Eesolved, That the examining or certifying officer of each

State, accept at its face value the statement made in certificates

duly granted under the laws of their State, so far tis the laws of

his own State admit, unless information at hand creates reasonable

doubt as to the regularity of the certificate or its application.

2d.—"That the inspectors of the several States should freely and
frankly exchange communications with regard to nursery infestation

and attempts at evasion of the laws, as might, from time to time,

come to their notice.
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3d.
—''That inter-state co-operation for the control of horticultural

pests whose area of destruction extends across State lines, is most

desirable, and should be as complete as the laws of the States con-

cerned will permit, and that in the treatment of any particular pest,

preference should be given to such cases.

4th.—"That it is the sense of this body that the nurserymen should

not be required to pay the expense of the ordinary inspection of

nursery stock.

5th.—"Thflt the entire cost of insecticide or fungicide measures

required by law, should be borne by the owner of the affected prop

erty.

6th.—''That in the opinion of this meeting, nursery stock fumi-

gated according to accepted requirements, should be considered as

satisfactory as stock sold under certificates of inspection only."

The last resolution was adopted with the understanding that fumi

gation is not to supplant, but rather to supplement inspection. The

resolutions are quoted in full and show how far the best scientific

experts have gone in the matter of nursery inspection, and in the

treatment by rumigation, of nursery stock.

The action quoted, taken in connection with the report of the

committee appointed to consider the question of the best insecticides

to use for the destruction of San Jos^ Scale in orchards and nuseries

in this country, made at the meeting in Washington in November,

1901, makes clear the position of the leading authorities on the

subject of the control of San Jos^ Scale. The report of the com-

mittee is as follows:

"The committee after due consideration finds itself able to agree

upon the following recommendations for treatment:

1st.
—"For Nurseries: Proper fumigation with hydrocyanic acid

gas after inspection.

2d.—"For Orchards: Late summer and fall treatment with dilute

solutions of insecticide soaps, oils or other effective insecticides to

kill young scales. Winter treatment, with insecticide soaps or

oils sufiiciently strong to kill the scale, which have been proved safe

to trees of all kinds in the region where the application is to be

made."

NURSERIES IN PENNSYLVANIA.

Pennsylvania is deeply interested in this subject, for we have
145 nurseries, with a total acreage of 2,720^ acres. Of this acreage

our inspectors report, as being in very good condition, 1,738| acres;

in good condition, 505 acres; in fair condition, 224^ acres; and in

poor condition, 252^ acres. There were 135 certificates granted, and
10 refused.
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The inspectors of the Department are instructed to examine the

following plants for San Josd Scale, inasmuch as all of these are sus-

ceptible to its attacks, namely: Grapes, Lindens, Euonvm'ns, Almond,

A}>ricot, Apple, Cherry, Cotoneaster, Hawthorns, Peach, Plum, Pear,

Quince, Raspberry, Rose, Spiraea, Gooseberry, Currants, Persim-

mons, Acacia, Lilacs, Privet, Elm, Osage Orange, English Walnut.

Pecan, Alder, Willows.

CONTROL OF INSECT PESTS.

The work of controlling insect pests in orchards aod nurseries, is

onlydealing with insects as they affect a single branch of agriculture,

whereas the depredations of insects and the destruction occasioned

by fungus diseases, extend to all crops, and to every plant in every

crop. They are to-day the most threatening and formidable of the

enemies which the agriculturist has to meet. They multiply by

myriads, and unless controlled will cause the destruction of much
useful vegetable life.

The combating of these hosts is a work of great magnitude and

difficulty, and its importance cannot be exaggerated. It requires

experts of the greatest experience and most accurate knowledge,

to even attempt to overcome the difficulties that must be encountered

and discover remedies which are effective, and which the ordinary

farmer can safely apply. The loss to the United States, annually,

from injurious insects, is given at about |.300,000,000; or about one-

tenth of our agricultural production, is lost through the depredations

of insects.

HESSTAN FLY INVESTIGATION.

This Department, over a year ago, engaged the services of Prof.

H. A. Surface, Professor of Zoology in The Pennsylvania State Col-

lege, to make an investigation as to the ravages of the Hessian Fly,

with a view of discovering a method of treatment, by which our

wheat crop may be protected against it. This investigation has

been concluded, and the report is now ready for the printer. Many
thousands of samples of wheat were collected from all parts of the

State, at regular intervals of time, and examined for the presence

of the fly. The report shows that wheat plants, taken from fields

sown in August were all infested, and that the number of the

infested plants from fields sown later, diminished until the last of

September, after which no fly was found. The report is of great

value, and ought to be distributed by the thousands over the State.

As an example of the service which the Department is rendering

in the way of giving information in regard to the treatment of crops

for protection against insect pests, the following may be taken as

an illustration. A prominent grower of canteloupes in this State

lost his crop in 1900 from an attack of plant lice. On the 15th of
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August, IDOL', be came to I lie Department greatly excited, because

of tbe ai)i)earance of this same enemy in his field this year, which

threatened the destruction oi' hi.s cioii. The Department immedi-

ately notified a prominent entomologist in the State, and requested

him to visit this farm, and do what he could to arrest the destruc-

tion. His visit saved the crop, which meant to the farmer escape

from serious financial loss. There is scarcely a limit to the useful-

ness of this Division in assisting agricultural people with advice, and

by personal visit, by experts who have been thoroughly educated in

the science of entomology.

A DIVISION OP HORTICULTURE AND POMOLOGY.

In the absence of any other suitable place in the Department,

there was assigned to the care and attention of the Division of

Economic Zoology the important branch of our agriculture, em-

braced b}' the term Horticulture. The climate, soil and situation

of Pennsylvania all combine to make it one of the most desirable

States in the Union for fruit farming. No other State produces

fruit of finer flavor or of more attractive appearance. Apples,

peaches, pears, plums, grapes and small fruits can be grown any-

where -in our State with fair success, but if localities are selected,

which the State affords, that are specially adapted to the growth

of each of these several fruits ar.d their varieties, then we surpass

other States, in the abundance, quality and appearance of our pro

duct. The Department recognizing the importance in fruit growing,

of discovering the kind of soil, elevation, slope, degree of moisture,

distance of the water level from the surface, and the climatic condi

tions, adapted to the producing, in perfection, of the several varie

ties of fruits, started an investigation about one year ago, the re

suits of which have been published in Bulletin Xo. 106, to discover

the places in our State where each variety of fruit has shown the

best results. The bulletin giving this information, it is believed,

will be of great assistance in locating orchards, and in selecting the

particular varieties of fruit which are adapted to given localities.

The subject of Horticulture has been so important in our State,

that it ought no longer be relegated to a subordinate position in a

Division of the Department, to which it is not naturally related.

There should be established in the Department of Agriculture a

Division of Horticulture, with a Commissioner of Horticulture as its

chief, and a clerk as an assistant, so that this great interest may
have the help of the State in its development, and be under the con-

tinual care of an ofiicer who is an expert in this respect. I therefore

repeat my recommendation of two years ago, that a Division of Horti-

culture and Pomology be established in this Department, to be

equipped with a commissioner and clerk, and provided with proper

facilities for carrying on its work.
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DIVISION OF VETERINARY SCIENCE.

The ofiice of the State Veterinarian has experienced a year of

unusual activity and progress. As heretofore, the greater part of the

State Veterinarian's work has consisted in aiding herd owners who
wish to eradicate tuberculosis from their herds and, with this object

in view, enter voluntarily into a contract with this Commonwealth

under which they receive important assistance, on condition that

they will do what they can to make the work permanent. Other

diseases of animals, have also required much attention during the

year. ^'Rinderseuche" have been the most important, because the

most prevalent. There has been less anthrax and black-quarter than

for several years, and due, it is believed, to the systematic vaccina-

tion against these diseases that has been practiced on rather a large

scale during the past few years.

Ever since the organization of the work of the State Live Stock

Sanitary Board, a laboratory has been maintained for the produc-

tion of the tuberculin, mallein and anthrax vaccine used in the regu-

lar work of the Board. The cost of maintaining the laboratory, has

been more than made up, in the value of these products. But in ad-

dition to this work, the laboratory has served a most useful purpose

in affording facilities for the diagnosis of specimens from diseased

animals, and has by this service considerably increased the effi-

ciency of the veterinary profession of the State. Outside of all of

this routine work, the laboratory has furnished the opportunity for

conducting a rather remarkable volume of research. This division

of the work has been most fruitful, and has been the means of re-

vealing many new and serviceable facts in connection with the path-

ology, the diagnosis, and the prevention of some of our most preva-

lent and destructive animal diseases. The most notable achieve-

ments in this line during the past year have been, first, the establish-

ing of the essential identity of the animal and human tuberculosis;

second, the development of a method for immunizing cattle against

tuberculosis by vaccination, and, third, the indentification of the

''Rinderseuche" as the disease that has heretofore been called the

"mountain disease of cattle'' and has caused considerable losses in

some of the rougher parts of the State.

In regard to tuberculosis, the number of inspections is limited

pnl^ b;^ the funds' available for making thena. Thej'e s^-e several
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times as mauy applications from herd owners as can be regponded to

under the existing financial limitations. Since all herds whose

owners apply for an inspection and tuberculin test, can not be in-

spected and tested, and all tubercular cattle removed as is desired,

the attempt is at all times made, to test the herds that appear to be

most extensively infected, and in respect to other herds, to remove

the animals that are most immediately dangerous. In this way 912

tubercular cattle have been considered and destroyed during the year.

These were appraised at .f2G,30t).25. There is at present a most

active desire on the the part of cattle owners to free their herds from

tuberculosis. They appear to keenly realize the harm the disease is

doing, and are willing to co-operate with the State Veterinarian

to repress it. Indeed, as stated above, they constantly apply, of

their own volition, for more aid than the State Live Stock Sanitary

Board can pay for. The result of this interest is, that tuberculosis

of cattle is being rejDressed in Pennsylvania at a gratifying rate, and

each year shows less loss from this cause.

There have been 35 cases of glanders in the State during the

past year. Most of these diseased animals were involved in two

outbreaks of the disease, one of which came from a glandereJ mule

from East St. Louis, and the other was traced to a pony from Mary-

land. By immediately checking such outbreaks, the dissemination

of the disease and the infection of the horse stock of the State, is

prevented. The value of this protection is apparent, when it is

known, that in Massachusetts with about one-fifth the area of Penn-

sylvania, there are from seven to eight hundred condemnations on

account of glanders each year.

Rabies has prevailed rather extensively, and nearly all parts of

the State have been involved. It is extremely difficult to prevent

this disease, and it is scarcely possibly without establishing a gen-

eral quarantine of all dogs in infected districts. In order that this

may be done eftectually additional legislation is necessary, and a bill

covering this ground will be submitted to the incoming Legisla-

ture.

The discovery of ''Rinderseuche" has cleared up a question as to

the identity of a disease that has prevailed rather extensively among
cattle turned out in some of the rougher mountainous parts of the

State. This disease has been shown to exist in only two other parts

of the United States, but now that attention has been called to it,

it may be found that it is of much wider distribution than has been,

supposed.

All things considered, the most notable achievement of the year,

so far as the work of the State Veterinarian is concerned, is the de-

velopment of a means to vaccinate cattle for the prevention of tuber-

culosis. This process consists in introducing into the system of the
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animal a culture of the tubercle bacillus, so attenuated, as to be in-

capable of producinf^ disease. After a few treatments of this sort,

the animal is able to resist, without sign of the least injury, in-

oculation with virulent tubercular material that is fatal for unpro

tected animals. This work has gone far enough to show that the

principle upon which it is based is sound. It now remains to de-

velop the methods that are necessary to make this system of general

service. The State Veterinarian and his assistant. Dr. S. H. Gilii-

land, are now actively at work on this problem and are of the be-

lief that they will soon be able to solve it. The immense practical

value of this discovery cannot now be fully estimated. It is clear,

however, that successful vaccination against tuberculosis of cattlo

will save the State annually far more than the entire cost of the

work of the State Live Stock Sauitarv Board, and of the entire De-

partment of Agriculture. The State is to be congratulated upon

the foresight of the Legislature, that led to the maintenance of tlie

laboratory and research work of the State Live Stock Sanitary Board.

It has already paid for itself many fold in laboratory products for

use in diagnosticating and preventing disease, and in other actual

resirlts now to its credit.

COMMERCIAL FERTILIZERS.

The new law regulating the manufacture and sale of commercial

fertilizers went into effect January 1, 1902. The act increases the

license fee, on brands sold in amounts under one hundred tons, from

ten to fifteen dollars, and enlarges the powers of the Secretary in

enforcing the law.

The increased fee has added materially to the amount available

for analytical work, and will, it is believed, enable the Department
to have analyzed each year, a. sample of every brand found upon the

market.

There were sixty-five more brands licensed this year than last; there

being one thousand and one licensed in 1901, and one thousand and

sixty-six in 1902. The agents collected fourteen hundred and forty-

one samples this year, of which 92-3 were analyzed.

The samples analyzed are classified as follows:
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Complete fertilizers, contaiuiiig phosphoric acid, potash and

nitrogen, 552

Dissolved bone, containing phosphoric acid and nitrogen, .... 4

Rock and potash, containing phosphoric acid and potash, 108

Acidulated rock, containing phosphoric acid, 11)7

Ground bone, containing phosphoric acid and nitrogen, 55

Miscellaneous, containing potash salts, nitrate of soda, etc., . . 7

Total samples analyzed in 1UU2, 92:}

Under the old act, the Secretary had no power either to compel

l)ayment of the license fee, or to prosecute a manufacturer or dealer

whose goods fell below the guarantee marked upon the sacks. The
present law corrects these defects, and greatly aids in securing

prompt attention to correspondence and complian.ce with the re-

quirements of the law.

The chemical determinations to which a complete fertilizer is

subjected are: 1, moisture; 2, phosphoric acid—^soluble, reverted and

total; 3, potash soluble in water; 4, nitrogen; 5, chlorine, for the pur-

pose of determining the proportion of potash as a muriate.

Ground bone is subjected to a mechanical analysis by means of

sieves, dividing it into fine and coarse. The diameter of the mesh
of sieve for fine bone being one-fiftieth of an inch, and that of the

coarse above this dimension.

INSTRUCTIONS TO SAMPLING AGENTS.

Fertilizer manufacturers sometimes allege that there have been

errors made on the part of our sampling agents in selecting samples

for analysis. It is due these manufacturers, as well as this Depart-

ment, that the greatest care shall be exercised on the part of all

connected with this work, to insure that the samples are fairly

taken, are properly sealed and labekd, and are sent to the chemist

in exactly the condition in which the goods were found.

In order, therefore, that there may be uniformity of practice on tiio

part of our agents, the following instructioiis liave been prepared for

their guidance, and strict adherence to these directions is required:

1st.—No sample shall be taken from the manufacturer's ware-

house,

2d.—No agent shall draw more than two samples of any one

brand of fertilizer, unless for some special reason, which he shall

state in his report.
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3d.—Two samples of each brand shall be taken, if possible, select-

ing them from different localities.

41h.—Each agent shall make report from time to time in duplicate,

giving the number of each sample taken, in consecutive order; the

name and the address of the manufacturer, the name and address

of the agent selling the goods from which the sample is taken; an

EXACT copy of the name of the brand of fertilizer; and the selling

price per ton of 2,000 pounds, at point of selection. He shall then

subscribe his name to each report and send one copy to the official

chemist, and the other to the Secretary of Agriculture, at Harris-

burg, Pa.

5th.—Agents shall occasionally weigh a bag of fertilizer, to verify

the markings as to weight.

6th.—Agents shall keep full memoranda of all the samples; stating

the number of packages from which the sample is taken, together

with such additional notes of information as may be of service for

future reference, in case the accuracy of their work is called in ques-

tion.

7th.—The sample for analysis must be taken from at least four

sacks. The sampling tube to run its full length from the top toward

the bottom down the centre of the sack, then turned two or three

times to fill it, and the contents emptied upon a sheet of clean, tough

paper. The samples from the four sacks to be then thoroughly

mixed together, rolling the fertilizer back and forth across the paper

by lifting the sides alternately. After thoroughly mixing, take a

spatula and run it close along the paper under the mixture, lifting

it straight up so as to get a perfect cross section of the heap.

8th.—The sample taken as in paragraph 7, is to be AT ONCE
packed into the glass bottle provided for the purpose; the lid im-

mediately screwed down tight, and upon the label attached, give

the name of the sampling agent and the number of the sample,

as marked upon the agent's list. The bottle containing the fertilizer,

to be at once inserted into the paper case provided, first writing

his name and the number corresponding to that on the bottle on

the outside of the case. Then moisten the gum flap and seal se-

curely.

9th.—In shipping to the chemist, great care is to be taken to so

pack the bottles as to avoid breaking, and the shipping directions

should be securely attached to the package, with the name also of

the sampling agent marked on the box.

10th.—Agents will keep the Secretary of Agriculture informed in

advance of the points to be visited, so as to be promptly reached by
telegraph or mail, if necessary.
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VALUATIONS OP FERTILIZERS.

The market value of a commercial fertilizer is governed by the

cost of the several ingredients which compose it, adding freight,

cost of bagging, mixing and agents' commission. The value, there-

fore, is subject to the variations in the market price of nitrogen,

phosphoric acid and potash in their various forms. Each year, there-

fore, the list of prices used by the Department for the computation

of values, is revised and published for the benefit of purchasers. The

schedule of values for fertilizer ingredients for 1902 is as folllows:

Schedule of Values for Fertilizer Ingredients, 1902.

3

c

U

Nitrogen:
In ammonia salts, IS^ri

In ni 1 1 a tes 14

In meat, dried blood and mixed fertilizers 16%
In cotton seed meal and castor-pomace, 16^^

In fine ground bone and tankage, 11

In coarse bone and tankage 9

Phosphoric acid.
Soluble in water, in bone fertilizers, 5
Soluble in water, in rook fertilizers, 3
Soluble in ammonium citrate, in bone fertilizers 4%

Soluble in amn.mium citrate in rock fertilizers ^. 2^4

Insoluble in ammonium citrate, in bone fertilizers, 2

Insoluble in an;moniuni citrate, in rock, V;i

In fine bone, tankage and fish, 3

In coarse bone and tankage 2IV4

In cotton seed meal, castor pomace and wood ashes 4

Potash

:

In high-grade sulfate or in forms free from muriate, 5

As muriate Wz

- Potash in excess of that equivalent to the chlorin present, will be

valued as sulfate, and the remainder as muriate.

Nitrogen in mixed fertilizers will be valued as derived from the

best sources of organic nitrogen, unless clear evidence to the con-

trary is obtained.

Phosphoric acid in mixed fertilizers is valued at bone phosphoric

acid prices, unless clearly found to be derived from rock phosphate.

Bone is sifted into two grades of fineness: Fine, less than 1-50 inch

in diameter; coarse, over 1-50 inch in diameter.

The result obtained by the use of this schedule does not cover the

items of mixing, bagging, freight and agents' commission. To cover

these, allowances are made as follows:

For freight, an allowance of |2.00 per ton on all fertilizers.

For bagging, an allowance of .f1.00 per ton on all fertilizers, except

when sold in original packages.

8—6—1902
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For mixing, an allowance of |1.00 per ton on complete fertilizers

and rock-and-potash goods.

For agents' commission, an allowance of 20 per cent, is added to the

cash values of the goods ready for shipment.

The mean quotation on freight from New York, Philadelphia and

Baltimore to Harrisburg, in January, 1897, was fl.68 per ton, in lots

of ^welve tons or over; in May, 1899, quotations by the Pennsylvania

Tlailroad were: From New York, .f2.40; from Philadelphia, |1.70;

and from Baltimore, $1.55; mean rate from the three points, $1.88.

PUBLICATION OF RESULTS OF ANALYSES.

The results of the analyses of samples collected, are published

each year, in two bulletins, one containing the samples taken and

analyzed in the spring, and the other those taken and analyzed in

the fall.

These bulletins have been in great demand by farmers and dealers,

and are being carefully studied b}' them with a view of securing fer-

tilizers from manufacturers whose goods are up to their guarantees,

and who offer the most advantageous rates. The growing practice

among our farmers of studying the needs of the soils they cultivate,

and the character of the fertilizers suited to these requirements, is

one of the most hopeful indications of progress. They are rapidly

coming to learn, that agriculture requires for its proper pursuit

intelligent and careful management, that the soil will no longer

bring abundant harvests without added nourishment, and that the

securing of this in the cheapest and most available form is a problem

that each one must, in a great measure, solve for himself. Science

is disclosing the constitution of fertilizers, plants and soils. The
question of the best adaptation of these to each other, must always

be left to the individual who grows the crop. He must himself

experiment and determine what his particular soil needs to grow
a particular crop. To do this successfully requires that a man shall

be a close observer and have trained powers of investigation and
thought. These qualities are acquired through the reading of scien-

tific discussions of the subjects, by becoming familiar with the re-

sults of the work of other experimenters in agriculture, and by study-

ing the principles that underlie plant life and growth in their

various forms. The winter months afford ample leisure to the

average farmer to thoroughly post himself on what is known on the

subject of fertility, and to take up, sj^stematically, the subject of

fertilizers, their action and proper and economical use.
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SPECIAL INVESTIGATIONS.

A number of scientific experts have been at worlv for the Depart-

ment during the year, in making special investigations into subjects

rehiting to agriculture, upon which the public need accurate informa-

tion. The ordinarv farmer has not the time to give to such investi-

gation, even if he had the scientific knowledge requisite to fit him
for the work. Scientists who are devoting their lives to such inves-

tigation must, therefore, be employed, and it is difficult to secure

their services owing to their being engaged in scientific institutions,

where the multitude of regular duties that these men are expected

to perform, fully occupy their time.

At best, the oumber of those who are competent for this work, is

quite limited. Comparatively few have made thorough study of

agricultural problems in their deeper mysteries, and, therefore, but

few are able to speak with authority upon the subjects which vex
the agriculturist and need immediate solution. What the Depart-

ment secures, therefore, of this character of work, must be taken

from the vacation days and recreation hours of these men.
During the past year the following subjects were under investi-

gation, some of which were reported upon in bulletin form, and others

are still mcomplete.

Investigation, into the habits of the Hessian Fly, with the view of

discovering when grains may be sown in the various localities in

the State, to avoid its ravages. This investigation has now been
under way since the spring of 1891.

Investigation, into the most economical methods for the production

of beef in Pennsylvania.

Investigatiow, into the science of dairying.

Investigation, into the proper heating, lighting and care of green-

houses.

Investigation, into the best means for the control of insects in-

jurious to cucnrbilaceous plants.

Investigation, into the best methods for canoing fruits and vege-

tables.

Investigation, into the character of canoed goods found upon the

markets.

Investigation, into the character of soil bacteria in their effects

upon plant growth.
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Tovestigation, into the growing of hothouse lambs for early

ni. ket.

Investigation to discover the best methods of preparing and ap-

plying insecticides.

Investigation, for the determining of the best form of horse for

special purposes.

Investigation, into the use of phosphates and their effects in grow-

ing crops.

Investigation, for determining the best methods of destroying San

Jos^ Scale.

Investigation, for discovering the fruits adapted to the various

soils and districts of Pennsylvania.

Investigation, into the characteristics of the potato, and the best

methods for its cultivation.

Investigation, into the effects of various vegetable substances in

the improvement of soils.

Investigation, of the system of agricultural fairs, with a view

of suggesting methods for their improvement.

Investigation, into the effects of feeding steers for beef in open

sheds.

Information is much needed upon all of these subjects, the data

for some of which required years of careful observation and ex-

periment to collect and properly digest. In some instances the re-

sults are the work of a lifetime of study and experimentation, all

embodied perhaps in a few pages only, of printed matter, but of such

vital importance to the farmer, as to be of inestimable value in

enabling him to understand and properly apply scientific truth, that

previously he had never understood.

The securing of the preparation of bulletins of information such

as are here referred to, is a most important part of the work of the

Department, in its efforts to enlighten and assist country people,

in those things which most nearly affect their life and occupation.
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PUBLICATIONS.

The Department has prepared and published during the rear its

Seventh Annual Report, in two volumes. Volume one contains 1,040

pages, and volume two 464 pages. The law provides for the print-

ing of 31,600 copies of this report, to be distributed to the Senate

9,000 copies; to the House of Representatives 20,000 copies; to the

Department of Agriculture 2,000 copies; to the State Librarian 500

copies; and to the State Agricultural Experiment Station 100 copies.

The Department is seriously embarrassed in not having a sufficient

number of these reports to supply the demand. At least 5,000

copies should be given to the Secretary for distribution. Requests

come from all of the States, and from foreign countries, for copies of

our reports, many of which have to be denied owing to the supply

having become exhausted.

The Department is endeavoring to improve the character of its

Annual Reports each year, by excluding all superficial and irrele-

vant matter, and publishing only that which has been well digested

and which promises to be helpful to agricultural people. The addi-

tion of an AppeirSix, containing statistical data, has supplied the

farmers of the State with useful tables for reference, and has been

highly commended.
The laW' authorizes the Secretary to print bulletins of information

"upon such subjects relating to agriculture as he may deem useful."

Each publication is limited to five thousand copies, a number alto-

gether inadequate for the supplj^ of the demand for some of the

editions. The law should permit the Secretary, in his discretion,

to print copies of any bulletin to a limit of 25,000, the number being

governed by the demand for the publication. Bulletins for which

there is likely to be slight demand would have the edition restricted

to the number that would probably be needed, and if it was discov-

ered later that the edition was inadequate, there could be a second

and third edition published, up to the 25,000 limit.

The Department has published since its organization in 1895, one

hundred and six of these bulletins, embracing a wide variety of

subjects, treated by some of the most capable investigators in the

country. During the past year there have been published nineteen

bulletins, upon the following subjects:
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No. 88. List of CreauR'iic's in I'euusylvania.

No. 81). Tabulated Analyses of Commercial Fertilizers.

No. 1)0. Treatment for San Jos6 Scale in Orchard and Nursery.

No. 91. Canning- of Fruits and A'egetables.

No. D2. List of Licenses (iranted by the Dairy and Food Commis-

sioner.

No. 93. The Fundamentals of Spraying.

No. 94. Phosphates—I'hosphatic or Phosphoric Acid Fertilizers.

No. 95. County and Local Agricultural Societies, 19U2.

No. 96. Insects Injurious to Cucurbitaceous Plants.

No. 97. The Management of Creenhouses.

No. 98. Bacteria of the Soil in their Kelatiou to Agriculture.

No. 99. Some Common Insect Pests of the Farmer.

No. 100. Containing Statement of Work of Dairy and Food Di-

vision from January 1, 1902, to June 30, 1902.

No. 101. Tabulated Analyses of Commercial Fertilizers.

No. 102. The Natural Improvement of Soils.

No. 103. List of Farmers' Institutes of Pennsylvania.

No. 104. Modern Dairy Science and Practice.

No. 105. Potato Culture.

No. 106. The Varieties of Fruit that can be Profitably Grown in

Pennsylvania.

These nineteen bulletins, if bound together, would make a volume

of 1,587 pages.

No Experiment Station m this country has done as much, and it

is questionable if the National Department of Agriculture at AVnsh-

ington has done more, or better work in this respect.

LIBRARY.

A well selected Library of agricultural books, is an important

part of a State Department of Agriculture. An office for the At-

torney General of the State without a suitable law library, would

be deficient in an essential part of its equipment, and yet it is no

more necessary for the proper performance of his duties, tlian is a

library of reference for the Secretary of Agriculture and his Di-

vision officers. They are continually called upon for information

upon important scientific and practical questions, and ought to

have at hand the latest and best authorities upon these subjects.

to which to refer. The scope of the Department is so wide, and the

questions that come so important, that no ordinary library of refer-

ence will be adequate for its use.
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A large and carefully selected set of books should be, at ouce, se

cured for DeiJartnient use. Sueli a library would also be valuable

as a place of reference for cilizens of the State, who wish to learn

what is known upon a particular subject relating- to agriculture, in

which they are interested. Editors, teachers, essayists and prac-

tical farmers, all need access, at times, to such a library. A few

thousand dollars invested in this way will be very well expended,

and ought to be appropriated by the coming Legislature without

further delay. All of the more progressive States have such li-

braries as part of their equipment, and the National Department

of Agriculture at Washington has one of the largest and best in the

country. Pennsylvania should not be behind her sister States in

this respect, but should at once take measures to supply this need.

MUSEUM.

The need for a Museum, representing the agriculture of this State,

has been presented by the Secretary, each year, in his last three

annual reports. This necessity has been emphasized by the occur-

rence of several importanT Expositions, at which the interests of

Pennsylvania agriculture were hardly noticed, owing to the fact

that the State had no museum, or exhibit, upon which to draw. It

is impracticable to collect the material, for a creditable display of

the agricultural products of the State, in a single 3'ear.

The principh'S that should govern in the collection and prepara-

tion of a proper exhibit, or museum for agriculture, were set forth

in detail in my last annual report, and isiasmuch as the statement

therein made, embodies my views, I take the liberty of quoting it

in full.

"A modern Museum in agriculture, should not be a place for the

mere piling up of material in order to fill space. It should be educa-

tional in its purpose rather than spectacular. To multiply' bushels of

grain or tons of vegetables, or devote time to the arranging of sheaves

in fantastic forms, has no educational value. Anv well conducted

city market will show all this aoy day of the year. A great State De-

partment of Agriculture, cannot afford to appear before an intelli-

gent and discriminating public with the common-place, every-day pro-

ductions familiar to every country child, but must make use of the

advanced scientific knowledge of agriculture which exists, and ex

hibit the results of the application of this knowledge, in the pro-

ducing. of crops. An exhibition of wheat, for instance, should show
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the plaut iu its stages of growth. The grain, the flower, the roots,

the bran, the dust. There should be shown the starch, the gluten,

the oil, the chemical coustitutiou as affected by fertilizers, soil,

moisture, sunshine; should show the soil and its coustitu-

tion, the insects that aliect the plaut, the fungus diseases

that attack it, the yield, the fertilizers adapted to its growth,

together with an account of the rainfall which it received, the tem-

perature during the period of growth, and all of the facts that had
any influence in the production of the crop. Such an exhibition be-

comes a study, and is worth the time and attention of any man who
is interested in knowing the best way to cultivate or manufacture

this cereal.

An exhibit at any great fair, to be at all in keeping with

the dignity of the State, should be arranged in Divisions, each in

charge of a scientific expert, to prepare, and afterwards to oversee,

while on exhibition. A Division of Cereals, one of Forage Crops, one

of Live Stock, one on Dairy Products, others on Soils, Fruits and

Fruit Husbandry, Vegetables, Flowers and Foliage Plants, Insects,

Fertilizers, Poultry, Tobacco, Bacteria, Statistics. Such an exhibit

properly prepared, arranged and^ explained, would be worth more

to the farming public, than all of the train loads of products usually

heaped up in agricultural buildings, at these great fairs. By having

such an exhibit, placed in portable cases, it could be preserved from

year to year and serve to interest and instruct agricultural people

for a generation to come, and always be available for shipment to

any part of the country where its presence is desired."

If the State is to be represented in its agriculture at the St. Louis

Exposition, at least |25,U00 should be appropriated to the Depart-

ment of Agriculture, and the work of arranging for the exhibit, be

begun at once. After the Exposition, such of the exhibit as is not

perishable, could be returned to the Department, and be deposited

in its museum ready for use for a similar purpose, in any future calls

upon the State for a display of her products. Portions of the exhibit

could be used, in representing the State at the several county fairs,

in the manner suggested in another part of this report, under the

head of county fairs.

In arranging for space iu the new Capitol building for the De-

partment of Agriculture, a large room is set aside for an Agricultural

Museum. If, therefore, the appropriation were made this winter,

and the work begun, (he State would be creditably represented at

the St. Louis Exposition, and at its close the room referred to would
be all ready to receive the exhibit, to preserve it for the use of our

citizens at home.
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GOOD ROADS.

The absence of good public roads in Pennsylvania is the greatest

obstacle now existing in the way of rural improvement. Ease of

accessibility has become a necessity. Population will not even con-

sider the. question of locating in a district that cannot be readily

reached from the cities and towns, and those living in a district

which is shut out of communication with the world, will leave it as

soon as opportunity oifers. On the other hand, the fact that a com-

munity is furnished with rapid and reliable means of communica-

tion, invites the best and most progressive people to purchase homes
there, and thus there is not only checked the flow of population to

the cities, which has set in to an alarming degree, but it will in-

crease country population, and do this by selecting the choicest citi-

zens from the cities and towns of the State, so that the country

will again become the abode of the culture and refinement of the

land.

The difficulty in the way of securing these conditions is

not that the country people do not appreciate good roads, or that

they fail to see the great advantage which they will be to agricul-

ture and rural life, but they have feared that the great expense which
the construction and maintenance of good roads entail, will fall

wholly upon them. If, however, the State will assume at least part

of this burden, and ensure that no increase of tax shall be imposed
upon farming people, there will not only be no opposition to the im-

provement of our roads, but such improvement v.ill be gladly wel-

comed.

CITIES AND TOWNS BENEFITTED.

The delay in making an appropriation for this purpose by the

State, has been largely due to a misconception of the purpose for

which public roads are laid out. Many have felt that these roads

were exclusively for the benefit of the residents who live along them,

and that, therefore, their construction and maintenance should fall

upon these residents whollj', and all other citizens of the State

be exempt from tax for their support. This view would have some
degree of applicability if the same conditions existed now, as existed

in the year 1800, when only a little over ten per cent, of the people

of the State lived in the cities and incorporated towns, and nin'^ty

4
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per cent, lived in the counti'v. Now, however, over fifty-six per cent.

ot our people live in (he towns and cities and only forty-four per

cent, in the country. This fifty-six per cent, are as much affected

by the system of public roads in the country, in their capacity as

distributing and collecting agencies for commerce, as are the country

people who are located immediately along them. The cost of sub-

sistence in the cities and towns is alfected directly by the cost of

transportation, and the cost of transfjortation is regulated, by the

conditions tliat exist on the lines over which the goods must be car-

ried. The cities depend wholly for supplies upon the transportation

lines, not simph- upon the great railroads and river boats, but upon

the farm wagon and the country road. If these last are blocked,

internal commerce in agricultural products soon must cease, and if

thev are so affected that onlv one-half of the normal tonnage can be

transported, the cities feel the effect, and prices are correspondingly

increased. Good roads, all through the country, ensure a constant

and even supply of produce to the cities and towns during the entire

year.

STEAM TRANSPORTATION COMPANIES BENEFITTED.

The railway and steamboat lines are also deeply interested in the

improvement of the country roads, for reasons equally forcible and

direct. They depend almost entirely ui>on produce collected at their

stations, for their tonnage. If country roads are solid and in good

repair, this supply is not affected bA' the climatic conditions which

now seriously interrupt it. If good roads exist, communities, as

has been stated, will increase in population, and as a consequence

travel and production will likewise increase, and the surplus pro-

duce will go over the transportation lines to market. Since it is

this local traffic that pays tlie best, its increase means the enrich-

ment of these companies, directly due to the iutitsduction of better

public roads. All of the business interests of the State whether in

city, town or country are interested, according to their investment, in

seeing that better transportation facilities are provided for th''-

country districts, to which they distribute their goods, and from

which they draw their supplies.

The following States liave recognized the duty of their government

to appropriate money in aid of the improvement of their jmblic

roads: New York, New^ Jerse^y, Massachusetts, Connecticut, Maine

and Vermont. Highway commissions are established in North

Carolina, Michigan and Rhode Island. Constitutional amendments
have been prepared providing for State aid in ^Minnesota, Wisconsin

and California.

, Pennsylvania is sadly behind these States in this respect. Her
system of road supervision is unworthy of the Twentieth century.



No. 6. DEPARTMENT OF AGRICULTURE. 43

A business that re(}uiies (he best judgment, experience, and knowl-

edge, to properly perform, is handed over to men, many of whom never

even saw a guod road, much less made one. Ignorance and incom-

petence are the rule, /v law was passed by the Legislature of 1S97

which would have remedied this, and given each district the oppor-

tunity of engaging in its service, for road construction, the best

men which the community possessed. Unfortunately the bill was

handicapped by a provision which required one million dollars to

be first appropriated for road purposes before it could go into effect.

The expense entailed in the erection of a Capitol building and

the insufficient amount of State revenue for the purpose, prevented

the making of the bill operative by the Legislatures which have

since convened. The State is now in good financial condition, and

there would seem to be no sufficient reason why this appropriation

should be longer deferred.

The Act of 1SU7 provides for the election of three supervisors in

each township to constitute a board. The election is for three years,

one member going out of office each year and one new member being

elected, thus forming a continuous board vrhich is perpetual, and

can be held responsible for any money which the State may see fit

to place at its disposal. This board appoints road masters, who
have charge of the work upon the highways, and are responsible to

the road supervisors for the proper performance of their dut^'. The

board is required tp meet once each month, and for this each member
is to be paid the sum of one dollar and a half for each meeting. The

total expense of the board for its services for the year, is, therefore,

fift3"-four dollars. These supervisors plan the work and fix the tax;

one-half of the tax is a work tax and the other half may be collected

in money, if the board should so elect. Any business or professional

man, therefore, can be road supervisor, not being excluded by the

exacting conditions of our i)resent system, which requires the super-

visor to actually oversee the men at work. This supervisor-law

does not take the control of the roads out of the hands of the com-

munity, but simply organizes boards which are responsible and con-

tinuous.

The appropriation of one million dollars for road purposes, or the

repeal of the section requiring it, will carry the act into effect, and

greatly assist in securing good roads for all of the distticts in the

State.

CONVICT LABOR ON ROADS.

Road construction by the employment of able-bodied prisoners con-

victed of crimes, and under sentence for short terms not exceeding

ten years, has been successfully tried in twelve of the southern

States and, to some extent, in California. The practice is, for the
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courts to seuteuce such otYendeis to work on the public roads. The

convicts are worked in scjuads of eight or ten men each, and are

housed in a large steel van furnished with proper sleeping bunks and

boarding facilities, and which may be hauled from place to place as

occasion demands. If any seem disposed to be troublesome, and at-

tempt to escape, they are prevented by the use of the ball and chain

in day time, and by loosely fitting chain attached to hand or foot,

and to a staple or rod at night.

Two sections of the North Caroiina law, which is typical of the

others, are given as showing the methods pursued in sentencing

criminals to work upon the roads and the manner of securing their

services by the township or city authorities who wish to employ them.

The sections are as follows:

"Sectioii 8. That prisoners confined in the county jail, under a final

sentence of the Court for Crime, or imprisoned for non-payment of

costs or lines, or under final judgment in cases of bastardy, or under

vagrant acts, all insolvents who shall be imprisoned by any court in

said county for non-payment of costs, and all persons who would

otherwise be sentenced in said county to the State Prison for a term

of less than ten years, shall be worked on the pul^lic roads of the

county: Provided, That in case the number of such persons in any

county, at any time, be less than ten, the Commissioner of the county

may arrange with the Commissioners of any neighboring county or

counties for such exchange of prisoners, during alternate months or

3'ears, as will enable each such co operating couoty to thereby in-

crease the number of prisoners at work on the public road at any

given time. And upon application of the said road superintendent

of the county, or that of the chairman of the Board of County Com-

missioners, the Judge of the Superior Court, or the Judge of the

Criminal Court, the Justices of the Peace and the principal officer

of any municipal or any other inferior court, it shall be the duty of

the said Judge, or justice of the peace, or said principal officer, to

assign such persons convicted in his court to said road superintend

ent or road supervisor in any township making provision for the

same, for work on the public roads of said county or township; all

such convicts to be fed, clothed, and otherwise cared for at the ex-

pense of the county or township, as the case may be: Provided fur-

ther. That in case of serious physical disability, certified by the

county physician, persons convicted in said Superior, Criminal, or in-

ferior court, may be sentenced to the penitentiary or the county jail.

''Section 9. That when the Commissioners of any county shall have

made provisions for the expense of supporting and guarding, while

at work on the public roads of the county, or any township thereof,

a larger number of prisoners than can be supplied from that county,

upon application of Commissioners of said county, to the Judges of
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the Superior aud Criminal Courts, the justices of the peace and the

principal ofticers of any municipal or other inferior court presiding

in any other county or counties, which do not otherwise provide for

the working t)f their own convicts upon their own public roads,

shall sentence such able-bodied male prisoners as are described io

Section 8 of this act, from such other counties to work on the public

roads of said county, or townships applying for the same, in order of

their application, and the cost of transporting, guarding, and main

taining such prisoners as may be sent to any such county or town

ship applying for the same, shall be paid by the county or township

applying for and receiving them, out of the road fund of each such

county or township: Provided, That any and all such prisoners from

such other counties may at any time be returned to the keeper of the

common jail of such counties at the expense of the county or town-

ship having received and used them.''

CONVICT LABOR LAW IX PENNSYLVANIA.

In Pennsylvania we have a law. passed at the session of 1899, and

amended at the session of 1901, which gives authority to prison

boards to require able bodied male prisoners to work on the public

roads within the limits of the county in which the prison is located.

This act should be amended so as to require such boards, to employ

their prisoners in this service, and also provide for the procuring of

prisoners for this purpose from other counties, when it is found desi-

rable to do so. The same act could make it possible for the super-

intendents of our penitentiaries to apportion short term prisonerjs

to the several counties, for road construction, and thus partly relieve

the State of the burden of the expense of their food and clothing

and at the same time assist the public in securing a much-needed im

provement, without interfering with any of the rights of paid labor.

COST OF CONVICT LABOR.

The following table, showing the cost of labor per convict per day.

in road work, is taken from the report of the National Departmeot

of Agriculture for 1901:

Cost per day.

Plorida, §0 30 to §0 50

Georgia, 16 to 32

Kentucky, 50 to 60

Louisiana, 50 to 60

Mississippi, 15 to 45

North Carolina, 15 to 40

South Carolina. 17 to 22

Tennessee, 20 to 40

Texas 20 to 40

Virginia, 25 to 50

't5'
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These iigures show, that the cost of eouviet labor in these States, is

quite moderate, and experience shows tluit the amount of labor

which they perform, is e<iual to that of the best hired service. These

men are young, strong and active, and experience in p<>ual institu-

tions, is such as to show ,that most of the healthy prisoners would

much sooner work than live idly in confinement.

The inmates of the penal institutions of the State of Pennsylvania

in 189f , as reported by the State ]>oaid of (Miarities, numbered 8,1 8'J.

They were distiibnted as follows:
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CATTLE-FOOD CONTROL.

The woik (vf (he sampling :uid analysis of cattle-feeds, under the

act of the Legislature of 1901, was begun this year, and the result;!

are now ready for publication.

That part of the act regulating the work of the Department and

prescribing the branding and analysis required, is printed in this

report for information and is as follows:

"Section 1. Be it enacted, &c., That every lot or parcel of any con

centrated commercial feeding stuff, as defined in section two of this

act, used for feeding domestic animals, sold, offered or exposed for

sale within this State, shall have affixed thereto, in a conspicuous

place on the outside thereof, a legible and plainly printed state-

ment clearly and truly certifying the number of net pounds of feed-

ing stuff contained therein; the name, brand or trade mark under

which the article is sold; the name and address of the manufacturer

or importer, and a statement of the percentage it contaios of crude

fat and of crude protein, both constituents to be determined by the

methods adopted at the time by the Association of Official Agricul-

tural Chemists of the United States. Whenever any concentrated

commercial feeding stuff is sold at retail, in bulk, or in sacks belong-

ing to the purchaser, the agent or dealer, upon request of the pur-

chaser, shall fuinish to him the certified statenu»nt named in this

section.

"Section 2. Th{^ term 'concentrated commercial feeding stuff's,' as

used in this act, sliall i^iclude linseed meals, cottonseed meals, glu-

ten meals, maize feeds, starch feeds, sugar feeds, dried brewers'

grains, malt sprouts, hominy foods, cerealine feeds, rice meals,

ground beef or fish scraps, and all other materials of similar nature,

but shall not include hays and straws, the grinding together of jmre

whole grains, nor tlie unmixed meals made directly from the entire

grains of wheat, rye, barley, oats, Indian corn, buckwheat, or broom
corn; neither shall it include wheat, rve or buckwheat bran, or mid-

dlings not mixed with other substances, and sold separately as

distinct articles of commerce.

"Section 3. No foreign mineral substance, nor substance injurious

to the health of domestic animals, shall be mixed with any feeding

stuff sold, or offered, or exposed for sale in this State.

"Section 4. Each and every manufacturer, importer, agent or seller

of any concentrated feeding stuff shall, upon request, file in the office
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of the Secretary of Agriculture a certified copy of the statement

named in section one of this act.

"Section 5. Each and every manufacturer, im^jorter, agent or per-

son, selling, offering or exposing for sale in this State any concen-

trated commercial feeding stuff, as defined in section two of this act,

without the statement required by section one of this act; or affix-

ing a statement or guarantee which is false in any particular, or in

relation to which the provisions of all of the foregoing sections have

not been fully complied with, shall, for every such offense, forfeit

and pay the sum of one hundred dollars, which shall be recoverable

with costs, including the expenses of analysis, by any person suing

in the name of the Commonwealth, as debts of like amount are bv

law recoverable: Provided, That the Secretary of Agriculture shall,

together Avith his deputies, agents and assistants, be charged with

the enforcement of this act, and shall have full access to all places

of business, mills, buildings, carriages, cars, vessels and packages,

of whatsoever kind, used in the manufacture, importation or sale

of any concentrated commercial feeding stuff; and shall also have

power and authority to open any jjackage containing or supposed

to contain any concentrated commercial feeding stuff, and take there-

from samples for analysis, upon tendering the value of said sample;

and whenever requested, said samples shall be taken in the presence

of the party or parties interested or their representative, shall be

thoroughly mixed and then divided into two samples and put in glass

vessels and carefully sealed, and a label placed upon each vessel

stating the name or brand of the feeding stuff or material sampled,

the name of the manufacturer when possible, the name of the party

from whose stock the sample was taken, and the time and the place

of taking, said labels to be signed by the Secretary of Agriculture

or his agent, and by the party or parties interested or their repre-

sentative, if present, at the taking of the samples. One of said

duplicate samples shall be retained by the Secretary of Agriculture

^T his agent, and the other by the party whose stock was sampled."

SAMPLES COLLECTED AND ANALYZED.

There were collected during the year 1902, under the provisions

of this act, two hundred and sixty-three samples of cattle-foods.

The samples collected, represented the following general classes

of feeds:
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No.

(jottonseed products, Vi

riax seed products, 29

Wheat i)r()ducts, 12

Rye products, 4

Barley products, 12

Oat feeds, 9

Rice feed, 1

Cora products, 32

Mixed feeds, 33

Chops and feeds, composition not given, 8G

Proprietory feeds, 31

Animal meal, 1

Total, 263

The samples taken represented 152 manufacturers and jobbers.

There were 237 brands, taken at 124 places, and from 200 different

dealers.

The samples were placed by the sampling agent in glass bottles

provided with metallic screw caps, and containing a cork pad which

fitted close to the top of the bottle, and were then sealed up in a

carton and transmitted by express to the chemist. The analyses

and examinations were made by Dr. Wm. Frear, Vice Director and

Chemist of the State Experiment Station, and involved a large

amount of painstaking labor. The determination of the character

of the several grains, and adulterants used in feeds, is, of necessity,

made by the use of the microscope, and requires accurate knowledge

and familiarity with the forms of the several kinds of starch gran-

ules and fibre cells, of w^hich these several substa-nces are composed.

The time required for the careful examination of over two hun-

dred samples, is very considerable. The approximate determination

oi the amount of the adulterants present, requires careful observa-

tion, and likewise consumes a large amount of the investigator's

time. The work, therefore, is such as will necessarily, cause delay

in securing results for publication, even after the samples are taken

and placed in the chemist's hands.

4—6—1902
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SUMMARY OF RESULTS OF EXAMINATIONS.

The results of the examinations are summed up by the chemist,

Dr. Frear, as follows:

1. "There is a considerable proportion of cottonseed meal selling

under the grade 'prime' that is tot) daik to be admitted to this clas-

sification.

2. "Flaxseed meal is being sold under the same name, whether

the fat has been removed or not.

3. "The term, 'oat feed,' is applied both to oat hulls, and to mix-

tures of the hull with chopped oats, but no oat feed examined, has

the j)roportion of kernel found in the entire grain.

4. "A very large proportion of oat hulls appears in mixtures sold

under the general names of chop, mixed feed, etc.; there is, in such

case, no technical misrepresentation; nevertheless, in the absence

of a statement of composition as required by law, the consumer is

buying a very large volume of inferior feed, without due notice.

This substitution of oat hulls for oats, appears also in feeds sold

under names indicating that the materials are made by mixing the

entire grains.

5. "Cob meal has been found as an adulterant of wheat feed.

G. "Many of the feeds contain many weed seeds, sometimes in a

whole condition; buyers should be watchful against such materials.

7. "There is not only a very general failure to comply with the

legal requirements as to guaranty—which will doubtless be remedied

as the trade becomes better acquainted with these requirements and

more fully aware of the advantage which such guaranty eventually

gives to all honest dealers; but there is a too general failure to

meet the guaranty given. This is doubtless to be explained in part

by the lack of careful chemical control over the mixing operations;

but the deficiencies occur in too large a proportion of the cases, to

admit this explanation for all the observed instances."

During the past year our agent was frequently met by millers

or dealers as he asked for a sample, with the remark, that "this was
the first knowledge they had of the existence of such a law." They,

however, as a rule, have expiessed their approval of its provisions,

and have agreed to so brand their goods in the future, as to com-

ply with its requirements.

The value of the law, in protecting purchasers of cattle foods

against adulteration, cannot be estimated, but that it will be very

great, is clear, from the fact, that, previous to its enactment, our

State had become the dumping ground for all sorts of adulterated"

feeds, whilst now, with a single year's effort in the enforcement of

the law, the majority of the feeds have been brought up to the stand-

ard guaranteed.
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AGRICULTrKA L EDUCATION.

It is uot to be expected tluit the time will evei- come, when every

farmei- will be a graduate of a College of Agricultiue, or that ever a

majority can be so educated. The time, however, ought to come, and

come soon, when every farmer's child will have opportunity for

obtaining a knowledge of the elements of the natural sciences which

relate to the farmer's life and occupation.

All that is needed, is to plant a graded school in each district,

equipped with ptroper teachers and appropriate apparatus, to ac

complish this result. The old siugie-teacher-district-school is no

longer competent to give the amount and variety of instruction

needed by country children. The teacher who, with the present lim-

ited curriculum, is obliged to hear twenty-seven classes each day

—

which is the average for the countrv teacher in Pennsvivania—can-

not be further burdened with additional work, no matter how im-

portant, or how urgently needed, such additional instruction may
possibly be. The country teacher has reached his limit of physical

endurance, and the imposition of further work mtist result in the

slighting of present studies, which even now, owing to the conditions

named, are inadequately taught.

Give the country teacher the same chance in the number of classes

which he shall hear, that his city cousin has. and his scholars the

same opportunity for gaining knowledge that the city children

now enjoy, and there soon will be such an impetus given to country

living and its occupations, as will revolutionize agriculture, and

speedily stop the flow of her best blood away from the farms, to be.

alas, too often corrupted and lost, in the great putrid sea of city life.

THE COMMITTEE OF TT^'EILVE.

At a meeting in Denver, Colorado, in 1805. the National Council

of Education, appointed, what has now become known and famous,

as the '"Committee of Twelve on Rural Schools." This comjnittee,

comjiosed of Henry gabin, D. L. Kihle, A. T>. Poland. C. C. Eounds,

J. H. Phillips, B. A. Hinsdale. S. T. Black. W. S. Sutton. L. E.

Wolfe, W. T. Harris, L. B. Evans and C. R. Skinner, leading educa-

tors in the United States, after a very exhaustive examination of

the whole subject of education under country conditions, reported

to the association, in a volume of oyer two hund.-ed pages, the results

of their inquiry and the conclusions reached.

The learned character of this committee gives its recommenda-

tions a value, greater than those of anv other authoritv in this
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country. I therefore quote some of their conclusions, relating to

rural schools, and the methods which should be adopted for their

improvement.

The report states that "About one-half of all of the teachers

in the United States, teach what are called Ungraded Schools.

They receive in one room, pujjils of all ages and all degrees of

advancement, from A B C's upward, sometimes even to algebra

and latin. In extreme cases, each pupil is a class by himself

in all branches except, perhaps, reading, writing and spelling."

* * * "It happens that ungraded rural schools with very small

attendance are to be found even in the most thickly populated States

and often in proximity to cities." "New York in 1894-5 reported

2,983 schools with fewer than ten pupils each, and 7,529 with

less than twenty." * « * "^ school with ten pupils, of ages from

five to fifteen years, of different degrees of advancement, some be-

ginning to learn their letters, others advanced from one to eight

or nine years in the course of study, cannot be graded or classified

to advantage, but must for the most part be taught individually.

The beginner who does not know a letter, should not be placed in

a class with another who began last year and can now read lessons

in the middle of the primer. It will not do to place in the same class,

a boy beginning numeration, and another one who has already

mastered the multiplication table. The beginner in grammar has

not yet learned the technique, and is confused and discouraged by

the instruction given to another pupil in his class who has already

learned the declensions and conjugations. Any attempt, in short,

to instruct two or more pupils in a class, when there is a difference

of a year's work in their advancement, results in humiliating and

discouraging the less advanced, and in making the maturer pupils

conceited." * * * ''The teacher, even after forming classes in

writing, reading, and spelling, has twelve to fifteen lessons to hear

in a forenoon, and nearly as many more for the afternoon. There

is an average of less than ten minutes for each recitation." » «

•''The teacher cannot probe the pupil's knowledge in five minutes

and correct his bad habits of study, nor in ten minutes. In the

necessarily brief recitations of the ungraded school, there is barely

time» to test the pupil's mastery of the external details of the

lesson, the mere facts and technical words. It is for this reason,

especially, that the rural school has been the parent of poor meth-

ods of instruction—of parrot memorizing, and of learning words,

instead of things." * * *

THE IDEAL CLASSIFIED SCHOOL.

"In the ideal classified school, the teacher has two classes of

pupils, each class containing within it, pupils substantially at

the same stage of advancement. The pupils of a given class
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recite together in all their branches, and the teacher has a hai/

hour for a lesson, and can go into the dynamics or casual rela-

tions of the facts and events treated." * » * "The ideal clas-

sified school can teach, and does teach, proper methods of study;

the rural school cannot do this effectively in its five or ten minute

recitations. It is because of this, that wise directors of education

have desired the consolidation of small schools into large schools,

wherever practicable. Two schools of ten each, furnish on an aver-

age one-half as many recitations, if united, as they do when separate,

owing to the possibility of pairing, or classifying pupils of the same

degree of advancement. Ten such schools united into one will

give 100 pupils, with a possibility of classes of ten each, which can

be more effectively taught than before, because the pupil can learn

more in a class than bv himself.'' "Again it is evident that five

teachers can teach the 100 pupils united in one school, far better

than the ten teachers were able to teach them in ten separate

schools. If still further consolidation were possible, and 400 pupils

were united in one school, the classification might be improved to

such a degree that a teacher could easily take charge of two classes

of twenty pupils, and ten teachers could do far better work for each

pupil, than was done by the forty teachers in the forty small rural

schools, before consolidation. Herein economy becomes a great item

in what are called T^uion Schools.' "

THE TRANSPORTATION OF CHILDREN.

The committee in discussidg the question of the transportation

of children to central schools says: "The collection of pupils into

larger units than the district school furnishes, may be accomplished

under favorable circumstances by transporting at State or local

expense, all of the pupils of the small rural districts to a central

graded school, and abolishing the small ungraded school. This is

the radical and effective measure which is to do great good in many
sections of each State. As shown already, Massachusetts, in which

the plan began, paid in 1894-5 the sum of §7G,G08 for the transpor-

tation of children from small rural schools to central graded schools

—213 towns (townships) out of a total of 353 towns (townships) and

cities, using this plan to a greater or less extent, and secured the

two-fold result of economv in monev, and the substitution of graded

for ungraded schools. The spread of this plan to Maine, Vermont,

New Hampshire, Connecticut, Rhode Island, New Jersey, Ohio and

some other States demonstrates its practicability. Experiments

with this plan have already suggested improvements, as in the

Kingsville experiment in Ohio, where the transportation reached in

all caseg th^ boTpeg of (be pupils and yet reduced the cost of tuition
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from |22.75 to |!12.25 for each of the lifty i)ui)ils, brought to the cen

tral school from the outlviner districts." The committee in its sum-

mnry says: "'One of the great hindrauces to the improvement of

the rural school, lies in its isolation, and its inability to furnish to

the pupil that stimulative intlnence which comes from contact with

others of his own age and advancement. The committee therefore

recommends collecting pupils from small schools into larger, and

paying from the public funds for their transportation, believing that

in this way better teachers can be provided, more rational methods

of instruction adopted, and at the same time the expense of the

schools can be materially lessened."

These are some of the conclusions of this eminent committee,

whose report was read before, and accepted by, the National Edu-

cational Association of the United States.

Two years ago this Department sent a qualified expert, to make
investigation into the working of the system of the consolidation of

schools and the transportation of scholars,- w'here it had been thor-

oughly tried, and his report, giving the conditions under which

these centralized schools were operated, and the service they are

rendering, shows that they are not only much more efficient from

the educational standpoint, which is of course the great purpose

in the establishment of any school, but are at the same time more

economical in expenditure than the isolated school.

Mr. A. B. Graham, township superintendent, Springfield, O., writes

that in his State ''nearly forty townships are to-day solving the

country school problem by centralization, and the formation of

graded schools." He states that in "such a school the township

becomes a stronger unit for local government, than it can become
under a sj^stem of isolated schools. A boy or girl grows up a mem-
ber of the society of the township, instead of an acquaintance of a

few families." Dr. A. C. True, Director of the Office of Experiment

Stations, whites in the report of the Department of Agriculture for

1901, "The movement for the consolidation of small schools, has

already been in progress long enough to have demonstrated, that

when properly managed, it will produce excellent results; that in

eighteen States, transportation of pupils at public expense, is already

permitted by law."

CENTRALIZATION OF RURAL, SCHOOLS IN PENNSYLVANIA.

Pennsylvania, I am glad to be able to say, has enacted such a law.

It now remains for those who are interested to call attention to its

importance, and to strive to carry its provisions into effect. Some
progress has been made, although the act is not jet two years in
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force. Several townships have taken initiatory steps in the direc-

tion authorized by the law, and two oi three others have adopted

the system and are now transporting the scholars to their central

schools. North Shenango township, Crawford county, and Herrick

township, Sus(iuehauua county, are now solving this problem in

Pennsvlvania.

The county superintendents iu txiirteeu counties in Pennsylvania,

in their reports to the State Superintendent of Public Instruction

in 11)01, called attention to the consolidation, as being the solution

of the rural school problem. Inasmuch as the progress of this

movement is fairly indicated by these reports, I quote from them

for information:

Prof. T. H. Morrison, Superintendent of the Erie County schools,

says: ''There is a greater sentiment in favor of the consolidation

of our rural schools, and the establishment of the township high

school in a good many districts. In Springfield, Elkcreek and Mill-

creek, schools are closed on account of small attendance, and the

pupils are transported by means of vans to a central school. This

centralization of schools is a great improvement over the old system.

Some of the advantages are: The percentage of attendance is very

much increased; there is less sickness; no tardiness among trans-

ported pupils; a much larger percentage of children enrolled; better

teachers employed; principals are employed to sufjervise; more in-

terest and enthusiasm on the part of both pupil and teacher; it costs

very much less, and the children have the advantage of a higlier edu-

cation."

Prof. Eli M. Kapp, Superintendent of Berks County schools, states

as follows: "There are certaiply forces at work in society, which will

ultimately rescue the rural school from its present low state. The

increased demands for better roads, for rural postal delivery, for

cheajier telephone and telegraph rates, for "school consolidation and

transportation, for townshij) high schools, will eventually bring thfc

country school out into the full light of a brighter dav.'''&'

In speaking of the recent appropriation for the establishment of

township high schools, Prof. T. L. Gibson, County Superintendent

of Cambria county, makes the following statement: "In this con-

nection, we believe it to be in place to quote from the principles

expressed by the National Educational Association, at the meeting

in Detroit a few days ago. In its 'Declaration of Principles,' one

reads thus: 'The National Educational Association watches, with

deep interest, the solution of the problem of consolidating rural

schools, and the transporting of children at public expense, now at-
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teiii])ted ill many of our leading; States. We believe (bat (his move-

ment will lead to the establishment of the country high school, and

thus bring- more advanced education to rural communities. We also

believe that supplementary State support with rural high schools

is in the highest interest of the entire State.' This is the expression

not of a bodv of educators in a single State, but of a National bodv,

and the latest educational legislation -in Pennsylvania, is in ac-

cordance with this principle."

The Superintendent of Bradford county, Prof. H. S. Putnam, in

his report, says: "The problem that confronts the schools in the

country districts, and which seems difficult of solution, is the fact

that the population is so changed, that there are hardly pupils

enough to warrant the continuance of many of the schools. In one

district there were four schools, with a total enrollment of thirty-

eight, while in another school, in the same district, there was an
enrollment of forty-five. Many schools have only four or five pupils,

and as much money is expended for the maintenance of these smaller

schools as for the larger ones. It seems that there is only one

way to do, that is to establish a central school and transport

the pupils from the smaller schools to the larger ones."

Prof. W, E. Longstreet, Superintendent of Tioga county, reports:

"The question of the centralisation of rural schools is a live ques-

tion in many districts of this county. Public sentiment is growing

in that direction. Two or three districts at least are about ready

to make the experiment. This question was readily entertained

by some, on the ground that it would be cheaper in the sense of

requiring less taxation, but more deliberation and investigation

has convinced them, that the economy of the scheme will not be

in less expenditure of the public fund^, but in greater and better

advantages tiiat would be given to the youth of the district, and

I am very sure that with only the latter purpose in mind, can the

plan ever be made a real success."

Superintendent Miller, of Columbia county, states, in speaking

of the town schools: "But is it right that our town schools shall

gain strength at the expense of the country? While we are heartily

in favor of a centralized system of rural schools, at the same time

we are fully impressed with the opinion, that the time is not yet

for the complete realization of our dreams."

Superintendent Sweeney, of Elk county, reports: "That during the

year many graded school buildings were erected throughout the

county, and at present all districts have one or more graded schools,

where children have an opportunity to thoroughly master the common
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school course, and also gain a fair knowledge of some of the higher

branches of study. Over SO per cent, of the pupils of the county

attend graded schools, and the next year will show^ a material in

crease in the number, as there is a growing spirit favorable to cen-

tralization in all our districts."

Prof. J. S. Fruit, Superintendent of Schools of Mercer county,

states: *'I think that township centralization of schools will solve

two great problems for the rural school. The present inability to

maintain anything like a course of study for the ungraded common

school, and for the close relations between the now isolated rural

teacher and the county superintendent. In my county, where I am
req'iired now to make over 200 calls in the thirty-one townships,

rveie they centralized, I could make at least 600. Hasten the day

when we have centralized township schools."

Prof. Horace L. Walter, Superintendent of Monroe county

schools, reports: ''We believe that better results might be obtained

in the matter of school work by consolidating, and establishing

graded schools in the several parts of the county. There are districts

:n which this could be done with but little inconvenience to the

children, and when once established, with less expense to the dis-

trict. When a large number of scholars of all grades are gathered

together, the best work can be done. The teacher knows it, and

the scholars also understand that they do not receive the attention

to which they are entitled. Very often they lose interest in the

work, and drop out of school at the first opportunity."

Superintendent Hoffecker, of Montgomery county, reports: "The

schools need closer supervision, and the school sentiment is ready

for it. The best provision that could be made, would be the

establishment of centralized high schools, with transportation for

pupils. The cost of transporting could be saved in the fewer number

of schools. The children from remote parts of a district would enjoy

the same privileges as the children in a village, and all would have

I he benefits derived from a skilled teaching force."

Superintendent Apple, of Northumberland county, reports: "It is

the universal opinion of more thoughtful people, that the law provid-

ing for the centralization of rural schools, and the establishment of

high schools, is as far reaching a step in the school system of Penn-

sylvania, as has been taken since the system itself was adopted."

Prof. Chas. E. Moxley, of Susquehanna county, states: "Far from

me to cast any reflection on the w^ork of the rural school as it has
%'

existed for now nearly half a century, but the conditions under

5
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which they were organized have so changied, as to demand a read-

justment of the old; not to destroy it, but to reorganize it; not to

lessen its influence, but to increase it; not to narrow its work, but

to broaden it; not to belittle its power, but to encourage it in ways
it never before possessed. What, then, is the seeming solution of

the problem? To my mind, as well as to the minds of many friends

who have given it serious thought, it is the consolidation of schools

and the transporting of pupils at public expense. There is no tramp-

ing through snow and mud, and the attendance is greatly increased,

and much more regular. The item of expense I pass over in this

i-eport, but no one, even the most critical, need hesitate to approve

on account of the expense. We should not consider school ques-

tions alone from the standpoint of expense. School work is not
.

unlike other things; we cannot get something for nothing, but it

can be proven to be a positive saving to the taxpayers, at the same
time offer advantages to every rural school pupil, as good as those

now enjoj'ed in towns or villages. If centralization is a good thing,

we want it; if it is not, we want to know why it is not."

Prof. Gramley, Superintendent of the schools of Centre county,

reports as follows: "The centralization of rural schools, which com-

prehends township high schools and free transportation of pupils,

is legalized. Let us try to create a sentiment in favor of both of

these laws, and we will ultimately have better houses, more adequate

school apparatus, increased attendance, fewer but better teachers

with higher salaries, better grades, more effective supervision, and

possibly an enlarged curriculum, yet a reduction in the total cost.

If the principle of concentration is permissible in the business

world, why not apply it to the rural school question?"

These superintendents make these several reports, giving their

estimate of consolidation, and unanimously endorse it. Surely the

sentiment in favor of centralization of rural schools in Pennsylvania

is growing, and needs only a little encouragement to rapidly spread

over the entire State.

The way is now open for the improvement of our rural schools,

and it is incumbent upon all who believe in giving the country

boy and girl a chance, to devote some time and effort to instruct

ing those who now are undecided what is best to do. Let the

truth be faithfully and clearly stated, that there can he no material

improvement of the country schools ivithout consolidation^ and that

there can he no great advance made in our agriculture^ until hetter

rural schools are provided.

The future farmer must have a knowledge of the science of agri-

culture if he would succeed in the competition that has set in,
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which means, that he must be educated in the sciences that underlie

his art. This Ivnowledge the great mass of farmers cannot secure,

unless it is given in the public school, and it cannot be given there,

for the reasons that have been stated, until the schools are graded,

and more time is given to the teacher to do his work. One would

suppose from the spirit of content that exists among those who have

the management of our rural schools, that we had reached perfec-

tion, and that there is nothing further to be desired or possible to

be obtained. A visit to any well conducted city school will soon dis

pel this illusion. They demonstrate, every day, that scholars can be

fitted there for entrance to the freshman or sophomore class in any

college in the land, and that this not only can be done, but is done,

in the same time in which the country child is at work ui)on the rudi-

ments of an education, in the ungraded country school. The one

has full opportunity and advantages, the other has a most meagre

apportionment of each.

The report of the Superintendent of Public Instruction for

1901 shows that there are over ten thousand (10,348) ungraded

schools in Pennsylvania. All of these, with few exceptions, are in

the country. It is distressing to see these thousands upon thousands

of country children, who ought to have, and could have, as fine an

education as any m the land, denied the privilege, and forced to be

content with the elementary training of an ungraded country school,

or else leave their homes and incur the additional expense of tuition,

board, and room, in some town or city, where the system of education

is adapted to children's needs. In the days of ignorance of better

methods, this apathy was entitled to some excuse, but now, in these

days of enlightenment, of progress and better knowledge of what is

possible to be done, it is a crime to sit unmoved, when our groping

children cry to us for light.
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AGRICULTURAL ORGANIZATIONS.

The number of these societies in the Slate was given in my last

annual report, as was also a brief mention of the history and purpose

of each. It is therefore unnecessary to r^^peat what has been pub-

lished, and I now refer to them for the purpose of calling attention to

their needs and their services to the State. They are all voluntary in

their character, but their service is a public service which is greatly

to the advantage of the agricultural industry of the country.

The County Agricultural Societies, The State Agricultural Society,

The State Board of Agriculture, The State Horticultural Associa-

tion, The Dairy Union, The State Live Stock Breeders' Association,

and the State Poultry Association, have each contributed to the

present prosperous condition of agriculture in Pennsylvania, by their

intelligent and unselfish efforts in the several directions indicated

by their respective names. The State ought to take a deeper inter-

est in making these societies more useful and influential by appro-

priations suitable to the needs of each. The Constitution of the

State forbids the granting of appropriatioos directly to institutions

of this character, not under State control, but it is perfectly lawful

and proper, to grant an appropriation to the Department of Agricul-

ture, to be used for the purpose of furthering the interests of any

one or all of these institutions.

Some of them at present need only enough to pay for the expense

of the hall in which they meet, and the preparation and publication

of their proceedings and reports. Others need a certain guarantee,

to meet, to a limited extent, the cost for premiums offered for the

encouragement of exhibitors, and to protect the officers of the society

against i)ersonal loss in case their receipts are insufficient to pay
the premiums. Payments by the State for this purpose, should be
restricted to premiums on subjects which are approved by the Sec-

retary of Agriculture, as being of a character calculated to promote
the public good.

There is little danger to be apprehended from the granting of such
an appropriation, for the character of the membership of these or-

ganizations is such, as to guarantee, that the funds so granted, will

be discreetly used, and not be misapplied. Full and detailed reports

should be required of these societies ,and all bills should be approved
by the Secretary of Agriculture before being paid.
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COUNTY FAIR ASSOCIATIONS.

' Atteutiuu is especially called to the field of usefulness opeu to

the fair associations in the several counties of the State. There

are seventy-eight of these societies, with over 9,000 members; all

public spirited, active, intelligent men, and they reported last year

an attewdance of over one million of people. It is certainly of ex-

treme importance that these organizations shall use their efforts

and their influence so as to be of the greatest possible usefulness to

the agriculture of the Commonwealth. It is unfortunately true, that

very many of them fall far short of what they should be, as promO'

ters of agricultural education, or as setting a high moral standard

to the visitors whom they invite to attend their fairs.

THE MIDWAY EXHIBITS.

This Department sent out a letter of inquiry two years ago, ask-

ing, among other things, what the Department could do to aid their

society in the prosecution of this work. The almost uniform reply

was ''help us to pay our premiums." The necessity for securing

money to pay the premiums offered, drives these organizations to

grant concessions to disreputable shows and gambling devices, which

are a disgrace to any society, which pretends to be at all concerned

for purity of thought among our people, or good morals in society.

Obscene dances by half dressed actors, open gambling, loud, coarse

speeches by fakirs who have monstrosities on exhibition, are some

of the sights and sounds that greet refined and modest women and

children, who come to be instructed aud entertained. All of this

under the guise of an agricultural exhibition for the improvement of

this industry.

Trials of speed, acrobatic and sleight of hand performances, exhibi-

tions of trained animals, or the admission of the merry-go-round, or

of games of ball, foot races and athletic sports, and similar amuse

ments, are all unobjectionable when properly controlled, and will

provide entertainment to those who come to spend an idle hour. The

I. thers are most immoral and corrupting, and ought to be excluded

from every fair.

The original purpose of the county agricultural fair was to place

on exhibition samples of products of the country, mainly of its

farms, which were unusually perfect of their kind, bringing them

into competition with each other, with the view of improving agricul-

ture in all of its diversified interests. The offering of premiums, was

intended to act as an incentive to producers, to bring out their pro-

ducts, with the assurance that if they had the best, they should be

rewarded to the extent set down in the premium list for that class

of exhibits.
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i'ur niiiuy years these fairs were largely attended, aud their good

effect was seen iu the increased interest that was excited by the

exhibits there displayed. Gradually this feature of the old-time

fair came to be supplanted by the public horse and cattle sale, and

the town and city market. At the latter could be seen daily, a

great variety of fruits and vegetables prepared in attractive style,

and of the best quality known. As a consequence, the mere display

of corn and wheat and vegetables became very common, and to a

great extent lost its power to attract. Horses and cattle still hold

their own, and implements, for the purposes of the farm, particularly

if they are in motion, are a never failing source of interest to all.

Choice fruits are still of interest if carefully selected and well

marked, and exhibited by a man who understands his business. lo

fact, it has come to substantially this, that any article or exhibit,

unassisted by an exhibitor, is not likely to secure more than a mere

passing notice. If it be at all worthy of a place inside the enclosure

of a county fair, it must not be left to tell its story for itself, but

ought to have a competent expert to explain its peculiar virtues, and

if an implement, show the visitor how it works. A county fair pro-

perly equipped, and with twenty capable men and women to show it

off, will be a success, without the aid of fakirs or disreputable shows.

EXHIBIT SHOULD BE EDUCATIONAL.

A county fair should, first of all, be educational. If this feature

is properly developed there can then be associated with it sufficient

suitable entertainment to add to the variety and interest, and to

remove any temporary dullness or monotony that may exist.

Fair managers must recognize the fact, that their visitors want

to be kept busy seeing and hearing things that are out of the com-

mon. Accordingly, they must strive to secure this interest by the

introduction of high grade articles, acd place with each class, some
one who knows how to call attention to the superior quality, which

each article possesses over others. If some farmer has raised forty

bushels of wheat to the acre, he will have plenty of auditors, if he

will tell how he did it, or how it may be done by others. If some
one has developed a herd of dairy cows, from a production of 120

lbs. of butter per year to 400 lbs. per year, he will not lack for in-

terested hearers. It is the unusual that attracts and interests, and it

is the unusual that must be presented, or the fair will fail, both as to

the number of those who attend, and in its educational value as well.

STATE AID.

The question arises, how can this be secured without resorting to

sensational and disreputable shows? 1 suggest that the State ap-

propriate to the Department of Agriculture for the development
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and improvement of count}- agricultural fairs, the sum of |25,U00

per year, or so much thereof as may be oeeded. Let the Secretary

of Agriculture district the State into six districts of eleven counties

each. Begin the fairs in each circuit on the Monday of the last

full week of August, and continue them to the close of the first full

week of October, holding two fairs of three days each, every week,

in all of the sections. Let the Department send one competent man
to each fair as its representative, who shall have charge of an exhibit

to be furnished by the Department, and also to make report upon the

general character of the fair, its exhibits, its freedom from, or the

presence of, objectionable shows or entertainments. Let the De-

ftartment prepare and publish a list of articles for which it will

offer premiums of amounts to be designated; the degree of excellence

of the articles to be passed upon by a committee of experts, and

the award to be approved by the representative of the Department,

assigned to that circuit. The total of the premiums to be awarded

by the Department at any one fair, oot to exceed the sura of $400.00,

and in no case to exceed the sum offered aud paid by that society, for

premiums upon articles of similarly useful character, and in no case

shall any premium be offered by the Department, unless the mana-

gers of the society shall agree, in advance, to exclude all objection-

able shows and gambling games from their grounds. Only one fair

association in each county to be entitled to the premium offered by

the State in any one 3'ear, and where two or more apply for recogni-

tion, the ooe to be aided shall be that one, which paid the greatest

amount in premiums the preceding year, for items approved by the

Department ,aud not including those offered for trials of speed.

The encouragement and strength which such support will give to

agriculture, will not only be returned to the State many times by the

increased production that such exhibitions will necessarily effect,

but will also rid these fairs of disgraceful exhibitions by fakirs and

lewd showmen, and restore the old-time purity that is sadly lacking

in many of the so-called agricultural exhibitions throughout the

State.

SPHERE OP INFLUENCE.

At present, the exhibition—limited to but one a year—is the only

sign of life that most of the fair associations display. Three or four

days of activity, and then a year of idleness atid silence. A fair as-

sociation ought to be alive, active and interested in aiding agricul-

ture, at all seasons and every day in the year.

The directions in which it can be useful are many. For example:

It can take an interest in the improvement in the public highways;

in the education of its citizens, and of its supervisors of roads in the
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latest and best lut'tliods of road inainCeiiaiue and toustructiou. It

can insist thai tlu- rural schools shall be suited to the needs of the

coufitiy children, and it can use its influence to retain good teachers,

and to secure the dismissal ot the incompetent or bad. It can

stimulate the improvement of country homes and their surroundings,

liy holding meetings and inviting citizens to attend and discuss

methods for beautifying the home, and means for the production of

better crops.

Another and very important service that these societies can render

to the citizen of every county, is in the giving of assistance to those

who are interested in, and are engaged in rearing better stock. The

diflicuUy that confronts farmers, in many counties, who wish to

improve their stock, is the impossibility of securing the service of

well bred sires. The country is full of cheap scrub horses, cattle,

sheep and swine. They are scrub, because they sprung from cheap

scrub sires. There can be no improvement in our stock until well

bred sires are introduced, and their services be had at rates low

enough to be within the reach of the farmer of ordinary means. The

county fair associations could do no better service to their county

than to purchase, or hire the use of, one or two well bred sires of

each of the leading breeds of horses, cattle, sheep and swine, and

have them kept for service at moderate rates, and offer this service

at these reduced rates to those only who are members of the fair as-

sociation, thus inducing the more progressive farmers to join the so-

ciety, and aid in its support. There is no reason why this cannot be

done, and at the same time be a source of revenue to the association.

As an inducement to undertake this, a portion of the money to be

given by the State could be offered to such association as will main-

tain a breeding barn of well bred sires.

LIVE STOCK IN PENNSYLVANIA.

The live stock of Pennsylvania represents in value about $126,-

000,000. A slight improvement upon each animal would add enor-

mously to the wealth of the State. The following table gives the
number, and average value of each class of live stock, taken from
the last census report, and shows the amount of increased value,

which could be secured, if the animals were so improved, as to bring
the small additional sums set down in the fifth column of the table.

The additions aggregate almost |17,()00,000.

Viewed as a purely business proposition, the State cannot do
better than to supply the slight aid, that is necessary to bring about
this result.
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Live Stock. Age In Tears.
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To tlic State Fair Coiuinission, $74,398 85

For the i)ajnient of premiums at the State Fair, 25,000 00

For (he payment of premiums to Cou«ty Agricultural

Soeieties,^ 00,000 00

The State also contributes, for the same purpose, the

amount received from racing associations, which

reached. 98,000 00

Making a total of, $203,398 85

The result of these expenditures, is seen in the progress which all

of these organizations are making in New York State, and in the

great impetus that has been given to all branches of her agriculture.

Ohio apitropriates $20,000 annually to the support of her State

Fair, and u«der their law the county agricultural societies are en-

titled to two cents per capita, from their counties, not to exceed

$800.00 in any one county. The State Horticultural Society receives

$1,000 a year and the State Dairymen's Association receives $1,000

annually.

Pennsylvania appropriates nothing for these purposes, and is in

consequence behind these other States which border us, in her de-

velopment of these interests of her agricultural people.
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TRICES OK FARM PRODUCE, LAND AND LABOR.

The Department collects and publishes statistics each year, show-

ing the wages paid for labor throughout the State, and the prices of

farm crops, animals, and land in all of tlie counties. A detailed

report on these subjects is given in the report of the Deputy Secre-

tary, who has charge of the collection of these statistics. The gen-

eral averages of prices for the year are as follows:

Wheat, |0 76

Corn, 62

Oats, 44

Potatoes, 54

Clover hay, 11 33

Timothy hay, 14 25

Butter, 24

Ewes, 3 50

Lambs, 2 75

Horses, Ill 88

Cows, 33 22

Chickens per lb. (live), 10

Chickens per lb. (dressed), 13

Labor per day with board, 1 25

Farm laod per acre, improved, 55 00

Farm land per acre, average quality, 34 00

These prices are, in nearly every case, in advance of those of last

year.

LEGISLATION NEEDED.

The following items of legislation are, in my opinion, needed by the

agricultural interests of the State, most of which have been dis-

cussed in the body of this report, and are collected here for refer-

ence:

For the purpose of assisting in the construction and maintenance of

country roads, .f 1,000,000.
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1 t.r the [niriiost' of pioviditij,' jinMiiinins fof Hie assistance of countj

fairs, jKT yviiv, ^^H^OOO.

For IIk' jMirposo of securinj; an Agricultural Muscuni, and for an agri-

cultural exhibit at the coining St. Louis Fair, $2.j,0U().

Increased approitriation to the Fanners' Institute work, additional

per annum, ^10,000.

For the purpose of securing an Agricultural Library for the Depart-

ment of Agriculture, $3,000.

For the purpose of paying the expenses of the Annual Meetings of

the State Board of Agriculture, the Horticultural Society, the

State Poultry Association, and the State Live Stock Breeders' As-

sociation, per year, |2,500.00.

To provide for the erection of a Division of Animal Husbandry in

the Department of Agriculture.

To provide for the erection of a Division of Horticulture and Pomol-

ogy in the Department of Agriculture.

For the erection of a Division of Public Highway Improvement in

tlie Department of Agriculture.

To extend the authority of the Secretary of Agriculture to publish

farmers' bulletins to a number not exceeding 25,000 copies of any

one bulletin.

To provide that in the distribution of the Annual Reports of the De-

partment of Agriculture, five thousand copies shall be given to the

Department for its use.

CONCLUSION.

In concluding this report, I desire again, to express my sense of

obligation for the cordial and etfective suj)port which you have
given me during your administration. It would have been im
possible for me to have performed the duties of Secretary of Agri-
culture of this State, if it had not been for your confidence and en-

couragement. How varied and important the duties of this otfice

are, can to some degree be imagined from the report itself. The
Department has to deal with the most ditflcnlt questions which
science has to meet, and is also brought in practical and per-
sonal contact with the great commercial interests of the country.
The administration of the food laws alone, requires exceeding care-
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fulness lest wrong be done, aod tirmness lest wrong be allowed. In

the control of food substances the Department must understand the

intricacies of the trade, and the chemical composition of substances,

in order to properly decide what course ought to be pursued. The

public health is to be protected at all hazards, and at the same time

the manufacturers and dealers must be given fair opportunity to

show the beneficial qualities of their goods without undue annoy-

ance or molestation. The preparing of proper food laws and the

securing of their enactment are important features of the Depart-

ment work. This, however, is but a single Division of the work to

bo accomplished by the Department.

In the Division of Veterinary Science, the public are protected

against the inroads of contagious or infectious diseases among our

domestic animals. The recent outbreaks of "foot and mouth dis-

ease" in some of the New England States is a single instance of the

danger to which our live stock industry is exposed. This Division

of the Department is the only safeguard the State has against these

diseases that appear from time to time, and which, if unrestrained,

will certainly destroy our herds.

The work of the Department in inspecting Nurseries, has also

been of great benefit, in protecting our orchardists against the in-

troduction of destructive insect pests, and dangerous diseases which

abound on every side. There are also the analyses of Commercial

Fertilizers, for the protection of the public against imposition and

fraud, and the inspection and analysis of Cattle Foods for the same
purpose; all directly in the interests of agriculture, and constitute a

service, which could not be performed, unless the State lent her aid

and provided such an agency as the Department of Agriculture for

the purpose.

There are also the preparation of the annual reports, the editing

aod publishing of numerous bulletins of information, the giving of

expert advice upon the scientific and practical questions that arise,

the securing of capable teachers in the great school of the farmers'

institute work, and the keeping posted in regard to the latest and

best that is known in all lines of agriculture, which keep the Depart-

ment officers constantly engaged.

I wish also to express my appreciation of the uniform courtesy and

co-operation of the several Division officers, and of the clerks and

employes of the Department, and for their valuable assistance, with-

out which the work could not have been performed.

Very respectfully yours,

JOHN HAMILTON,
Secretary of Agriculture.
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REPORT OF THE DEPUTY SECRETARY AND
DIRECTOR OF FARMERS' INSTITUTES.

Harrisburg, Pa., December 31, 1902.

Hon John Ifamillon, Secretary of Agriculture

:

Sir: I have the honor to present herewith the report of the progress

of Faruiei-e' Institutes, for the year ending June 1, 1902. Tables

accouipaujing this report will show the number of institutes held in

the ditlerent counties, the sessions into which these meetings were

divided, the number of lecturers, local speakers and assayists who
were present, the average daily attendance, together with the total

attendance at the institutes in each county.

There were held in all, 324 days of regularly scheduled institutes,

divided into 782 sessions. At most of the meetings, three State

speakers were present; these were joined by an army of 684 local

lecturers. The attendance was all that could have been expected,

the daily average being 44.o, and the total attendance being 144,431.

An interesting feature of this brief report is noted in tihe varia-

tion of attendance in the different counties. Among those having

tlie largest daily average we find, Allegheny, 491; Armstrong, 475

Bedford, 543; Berks, 520; Bradford, 440; Bucks, 555; Butler, 426

Cambria, 490; Centre, 50G; Chester, 444; Clarion, 477; Columbia, 925

Crawford, 578; Delaware, 457; Huntingdon, 511; Indiana, 527; Jef-

ferson, 435; Juniata, 408; Lancaster, 583; Lawrence, 460; Leliigh,

403; Luzerne, 603; Lycoming, 431; Mercer, 780; Mifflin, 500; Mont-
gomciy, 724; Montour, 525; Northumberland, 554; Perry, 545; Sny-

der, 409; Somei-set, 521; Tioga, 512; Venango, 516; Warren, 420;

\\;ishing(on, 402; Westmoreland, 537; Wyoming, 444; York, 472.

It will be seen that Columbia county had the largest daily attend-

ance (92.5). In order that the public may have knowledge of this

branch of tIhe work, the complete schedule is hereto appended:
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Tho Steady gi'owih of Ww Farmers' Institutes is noted by the con-

stantly increasing attendance. Very lively interest was manifested

by the farmers and their families, who, in many instances, drove ten

to fifteen miles over bad roads and through storm and snow to join

with the State instructors on the programme, and kindly co-operat-

ing in the work of developing the best thought and most practical

manner of conducting the various lines of farm operations.

The Ladies Session has become an established feature. At this

session a lady usually occupies the chair. The entire programme is

filled v.'ith topics relative to home comfort, health, social conditions,

etc. The education of country children is also earnestly discussed,

and i)roperly so. No class of people in Pennsylvania realize more

fully than the farmers the need of a more thorougli education. The

great mass of their children are not receiving this education, which,

in my judgment, should largely be along the lines of what would

seem to be (heir life's work. At all the institutes held in 1900, an

almost unanimous vote was in favor of a township high school, or

a centralized township school. It is most gratifying to note that

the legislature has enacted laws appropriating money for townslhip

high schools, and has also passed an act providing for centralized

township schools. We feel quite safe in the prediction that some-

where, not far from the farm home, the farmers' children will have

access to a school having a class in agricultural chemistry, botany,

animal life, insects, birds, etc., thus demonstrating and teaching their

^ ari(uis relations to farm life.

AGRICULTURAL SOCIETIES.

In the work of collecting a list of county and local Agricultural

Societiee, it is deemed worthy of note to mention that more than

usual interest and care has been manifested by the farmers in the

]troparation of various products for exhibition, which procured for

the exhibitor greater space and better facilities for the display of

farm products. Expert judges to pass upon the merits of all compet-

ing articles is rapidly becoming the rule. Possibly in no year within

the last decade were the exhibits so full and complete and the at-

tendance so large as that of 1902. This may be accounted for,

partially, by the unprecedented prosperity which has attended most

lines of farm operations the past year.

The following report shows that 1,024,250 people were in

attendance. These societies own 50 one-half mile race tracks and 9

one-third mile tracks. Tiiey collected in membership fees, .f2,297.10;

amount paid in premiums, .fll.S.347.93. The following is a detailed

report

:
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CROP REPORTS.

Our very efficient corps of crop reporters (have performed a great

service to agriculture by their prompt report of crop conditions and

local prices. From such reliable reports we learn that prices re-

ceived for everything raised upon the farm found a more ready mar-

ket and sold at a higher price than in many years. A few striking

examples are hei-ein cited in the following average prices received

in the home market for the various articles named, in the past four

years:

Wheat,
Corn
Oats,

Potatoes,

Hay, clover

Hay, timothy
Butter
Ewes
Lambs
Horses
Cows,
Chickens, live per pound
Chickens, dressed,

Labor, per day, without board,

Labor, per month, without board,

Farm land, improved, acre,

Farm land, average, acre

1899.

$0 68

42

26

42

8 20

10 69

20

3 72

3 22

78 49

39 13

08

11

1 11

20 07

1900.

SO 73

48

32

53

11 20

:3 85

22

3 61

3 26

87 61

33 08

08

12

1 15

20 55

58 00

38 00

1901.

$0 71

58

41

75

10 81

13 30

22

3 48

3 11

98 00

32 OO

08

12

1 23

22 00

60 00

38 00

1902.

$0 76

62

44

54

11 33

14 25

24

3 50

2 75

111 88

33 22

10

13

1 25

55 00

34 00

I'ennt*ylvania has reason to be proud of the work accomi^lished

by the means of Farmers' Institutes, w^hicih reach out into every

line of farm operations and are the harbingers of good will and en-

couragement to thousands of farmers who are struggling with ob-

stacles and difficulties, which, in many cases, if left unaided

would end in discouragement and financial loss. We most

earnestly entreat of the legislature, soon to assemble, for a more lib-

eral appropriation, in order that this Division of the Department of

Agriculture may be more efficiently equipped, that the present and

coming farmer will inculcate such knowledge as will enable him to

so develop the natural resources of ihis farm as to make it more
productive year by year, adding strength to the State, a greater

variety and more healthful foods for the consumer, and broader

know'ledge, which brings its own reward, to those who attain thereto.

Respectfully submitted,

A. L. MARTIN,
Deputy Secretary and Director of Farmers' Institutes.
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KICPORT OF TIIIO DAIRY AND FOOD COM-

MISSIONER.

Haiiisbui'g, I'a.. I )L'cember 31, 1902.

Hon. .lului llamilion. Secretary of Agriculture :

My Dear Sir: I liave the honor to make the following report of

1h<' work of the Dairy and Food Division, of the Dei)artment of

Agriiiillure, from Jannary 1, to December 81, 1902.

U'e lliave liad in employment the usual number of agents, chemists

and I'ttorneys during this period. There has been collected by our

agents, analyzed by the chemists and reported to this Division, 2,052

samples of the several food products, which are upon the markets

of rhis State. Of this number, 1,122 were found to be true to name,

or properly labelled, and 930 samples were found to be adulterated,

preserved, or not properly labelled. Under the oleomargarine act

there were issued 310 licenses, and we have received and paid into

the State Treasury $23,927.05 for the same. In the enforcement of

this act, we have had collected and analyzed 506 samples. Of this

number, 183 were found to be pure butter, 41 renovated butter and
2S2 were found to be oleomargarine. We have prosecuted under

this act 252 cases; of this number, there were terminated 57 cases,

and there are still pending 195 cases. There were terminated under

this act 57 cases, which were commenced previous to January 1,

1902 In the enforcement of this act we have collected and paid

into thf State Treasury .^8,463.93 in fines and costs. There is still

in the hands of the sheriffs of the several counties of the State, a

large amount of fines, which have not as yet been paid in.

M'e have succeeded under Section 9 of the oleomargarine act, in

gaining before the courts of the State, two injunctions in Philadel-

phia county and one in Crawford county, restraining violators from
further violation of the oleomargarine act. In our report for the
year 1901, we referred to the difficulty of the enforcement of the
oleomargarine law in certain sections of tllie State, of the ignoring
of a large number of bills by the grand jury of Allegheny county,
and of the costs iK'ing ]>laced upon James Terry, agent of this Divi-

sion, and of the appeal to the Superior Court for the purpose of
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liavicg decided, the right of a grand jury to place cost^ upon a pub-

lic OiJlcer, who has acted only in the performance of his duty under

the law. The decision of the Superior Court, which was handed

down in July, 1902, sustained the action of the grand jury.

The enactment of a National anti-color oleomargarine law, which

came into force July 1, 1902. has been of great assistance to the Di-

vision in its elTorts to enforce the State laws,

RENOVATED BUTTER ACT.

Under this act, we have issued two lieenseis, and have received

and paid into the State Treasury §760.07 for the same. We have

collected and analyzed 41 samples; of this number 34 were cases for

prosecution. There were terminated 12 cases and there are still

pending 22. There were terminated during the present year 3 cases,

which were commenced previous to January 1, 1902. We have col-

lected and paid into the State Treasury under this act, §578.58 in

fines and costs.

MILK ACT.

Under this act, we have collected and analyzed 259 samples of

milh and cream. Of this number, 186 were found to be pure, 45

adulterated, 27 were found to contain a preservative and one con-

tained a coloring matter. As all adulterated samples were prose-

cuted under the Pure Food Law, we have prosecuted under the Milk

Law, only the preserved and colored cases. Seven cases, which were

commenced previous to January 1, 1902. have been terminated under

tiiis period. ^Ve have collected and paid into the State Treasury,

under this act, §1,177.24 in fines and casts.

CHEESE ACT.

Tender this act, we have collected and analyzed 11 samples. Of

this number, 5 were found to be up to standard and 6 were found to

be below standard. We have prosecuted 3 cases, which have been

terminated. We have collected and paid into the State Treasury,

under this act, 8169.50 in fines and costs.

PURE FOOD ACT.

Under this act, we have collected and analyzed 1,181 samples. Of

this number, 701 were found to be pure, or properly labelled, 230

adulterated, or not properly labelled, 239 contained a preservative

and 11 coloring matter. We have prosecuted 346 cases. Of this

niimbei, 111 were terminated and 235 are pending. Forty-one cases,

which were commenced previous to January, 1902, have been ter-

minated during tlhis period. We have collected and paid into the

State Treasury, under this act, $8,082.20 in fines and costs.
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LARD ACT.

liKi'T tills iict, we liavo collected and analyzed '21 samples. Of

tliiH niiniln'i*, 10 were foimd to be pure and- 17 were compound. We
have prosecuted 10 cases. Of this number, «J were terminatedi and 4

are still pending. One case, which was commenced previous to

January 1, liurj, was terminated during this period. We have col-

lected and paid into the State Treasury, under this act, |23.00 in fines

and costs.

VINEGAR ACT.

Under this act. we have collected and had analyzed 68 samples.

(»f this number, ;{7 were found to be up to standard, 24 were below

standard and 7 contained a coloring matter. We have prosecuted

2.") cases. Of this number, 11 are terminated and 14 are still pending.

We have collected and paid into tjhe State Treasury, under this act,

?447.42 in fines and costs.

I resi)ectfully call your attention to the large number of samples,

whi'h were found by analysis to contain a preservative. This con-

dition existed to a certain extent during former years, and, while

prosecutions were brought upon cases which were found to contain

a certain preservative, we have hesitated in bringing cases against

such as contain salts-of-copper as a coloring matter, and those con-

taining boracic acid and other preservatives of like character. But
owing to the decision of the^upreme Court of the State upon certain

sections of the Pure Food Act of 1895, in regard to tihe use of food

preservatives, a copy of which I have attached to this report, we
have successfully prosecuted a large number of cases, which has had
such a beneficial effect, that, at the present time, parties detected

selling foods containing injurious preservatives in the majority of

thffH^ cases brought, have come forward and voluntarily paid their

tines and costs to the magistrates, or in court. This was done espe-

cially by defendants who had been prosecuted for using boracic acid

and suli)hit('s in meats. They were defended by the large packing
houses of the West, ui)on whom, I am reliably informed, our attitude

in regard to preservatives has been the cause of having established

separate departments for the special purpose of the preparation of

meats for Pennsylvania markets, in which no preservatives are per-

mitted to be used. This will be of great benefit to the farmer and
meat producers of our State.

VSTii'e we were somewhat discouraged in our first efforts in the
enforcement of the law, as regards the use of boracic acid in food
products, the ontlook at the present time, is very encouraging, and
we now feel that we will be able in a very short time to drive from
the markets of the State, all foods which contain injurious preser-

vativefe.
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To more fully explain the workings of this Division, I have at-

tached to this rei)ort the following tables:

Table Xo. ]. Giving tilie number and showing the condition as to

the purity of the samples collected) by the agents, analyzed by the

chemists and reported to the Division during the year. It must be

remembered, that agents are instructed to omit from their samples

such goods as i)revious analysis has shown to be pure.

Table No. 2. CJiving the number of samples taken under the act,

giving the number that were found to be pure, or up to standard, or

properly labelled, those found not pure, or adulterated, or preserved,

or colored, or not up to standard; also giving the number of sam-

ples collected and analyzed in total.

Table No. 8. Giving the suits and prosecutions wlhich were com-

menced, the number whicli have been terminated and the number
still pending on appeal or certiorari; also giving the number of

eases, which were commenced previous to and terminated during this

period.

Very respectfully,

JESSE K. COPE,
Dairv and Food Commissioner.

DEPARTMENT OF AGRICULTURE.

Harrisburg, Pa., March 5, 1902.

My Dear Sir: The Supreme Court of Pennsylvania has just handed

down a decision atlecting the use of preservatives in food on sale in

this State. Inasmuch as the subject is one tlhat directly concerns

all manufacturers of and dealers in food products, the Department
has had the entire decision printed for distribution.

JESSE K. COPE,
Dairy and Food Commissioner.
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IN THE SUrKKMK COUKT OF PENNSYLVANIA.

CO.MMONWKALTII 1

Vfe.

SOUS w. Ki:\iN.

No. :'.5:). JANUARY TERM, 1901.

ArrEAL BY THE DEFENDANT
FROM THE JUDGMENT OF
THE SUPERIOR COURT OF
PENNSYLVANIA.

FILED MARCH :'., 1!)0l'. )

MKSTKKZAT, J. |
-

The d^^feudant, v,±o is en«;aged in the grocery business in the city

«f Philadelfthia, was tried and convicted in the court of quarter ses-

sions of Pliihidelphia county on an indictment charging him with

kaving sold "one pint of raspberry syrup, the said raspberry syrup

tlien and there contained an added substance and ingredient, to wit:

Salicylic acid, which is poisonous and injurious to health." The

indictment was found under tlie act of June 26, 1895, P. L. 317, en-

titled "An act to provide against the adulteration of food and provid-

ing for the enforcement thereof," and commonly known as tlie Pure

Food Law.

The first section prohibits the manufacture or sale of adulterated

food, the second section defines the term "food" as used in the aet,

and the tihird section provides inter alia that ''an article shall be

deemed to be adulterated within the meaning of this act: (a) in case

of food * * * (7) if it contains any added substance or ingre-

dient wliich is poisonous or injurious to health." The defendant

was indicted for a violation of the seventh clause of the third section

of the act.

C>n the trial of the case, it was shown that the defendant iliad sold

a bottle of raspberry syrup, and it was admitted by liim that it con-

tained salicylic acid. It ap})eared from the evidence that the acid

was a eubtbtance foreign to raspberry syrup. Exiiert testimony was
introduced by the Commonwealth and the defense to prove what
salicylic acid is, and whetlier it is poisonous and injurious to health.

The Commonwealtli's expert made an analysis of the syrup and

testified that the acid was injurious to healtli; that it was dangerous

because it was apt to produce disease; that the words "poisonous"

and "injurious to health" were almost synonymous in cases where the

pois«n is not always fatal; that if coatinually used, the acid is in-

jurious to health in any quantity, but if not so used, its injuriousness

would depend upoR the person taking it.
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The defendiant's export testified tliat salicylic acid would not be

classed in tllie group of poisons; (bat wbellier oi' not it is poisonous

or injurious depends ui)on tbe amount taken and bow it is used,

wbicli pjiplies to arsenic or any otber poisons; tbat if tbe acid was
taken in a harmful amount, it would alTect injuriously tbe digestion,

the kidneys and <be heart; that all poisons must be administered

medicinally and tbat witness had known of salicylic acid being ad-

n\inistered beneficially in medicinal doses; that tbe acid is a sub-

stance foreign to i-aspberry syrup.

The trial court submitted the case to lilie jury and charged that

the only question to be determined by them was whether or not

salicylic acid was poisonous or injurious to health; tbat if it wa«s

it was the duty of the jury to convict. A verdict of "guilty" was re-

turned by the jury, and the defendant, having been sentenced, ap-

pealed to tbe Supreme Court, which, by a divided court, affirmed the

judgment of the trial court. He thereupon appealed to this court.

The determination of the several assignments of error involves a

consideration of clause seven of section tlii'ee of the act of June 26,

1895, under which the indictment w\as found. Tbe learned trial

judge held that the clause prohibited the addition to a food product

of any foreign (.substance poisonous or injurious to health, regardless

of the quantity used or whether or not tibe quantity of the substance

used was sufficient to make the adulterated article poisonous or in-

jurious to health. In other words, it is not tbe quantity but tbe

nature of the substance added which the act prohibits.

The court held that if the foreign substance added to an article of

food is poisonous or injurious in any quantity, the statute declares

it to be an adulteration. Tihe case was tried upon this construction

of the act, and the rulings of the trial court, assigned for error in

the Superior Court and on tliis appeal, are based upon tliat interpre-

tation of the statute.

The learned counsel for the defendant contend that the act is not

violated unless the quantity of the foreign substance is sufficient to

make the compound poisonous or injurious to health. They state

their position in their fourtfli point for charge, which is as follows:

''The defendant in this case is indicted for selling one bottle of

syrup, and if the jury should find from tbe evidence tbat the single

bottle actually S'Old did not contain salicylic acid in sufficient quan-

tities to be poisonous or injurious to health, then your verdict must

be for the defendant."

We are not prepared to adopt this construction of the clause of the

section under consideration. The purpose of the statute was to

prevent the adulteration of food; tihe term "food" including all arti-

clees used for food or drink by man.
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Tlie act ck-arlv di'liia-s what shall be deemed an adulterated arti-

cle within llie nieaninj; of its terms. The third section is siibdividedi

into seven clauses, each detining or designating an article or com-

I.ound that shall be considered as adulterated. Food is adulterated

under this section: (1) If any substance or substances have been

mixed with it so as to lower or depreciate or injuriously affect its

rjuality, strength or purity. (2) If any inferior or cheaper substances

have been substituted wholly or in part for it. i'i) If any valuable

or necessary constituent or ingredient has been wlholly or in part

abstracted from it. ^4) If it is an imitation of or sold under the name

of another article. (5) If it (consists wholly or in part of a diseased,

decomposed, putrid, infected, tainted or rotten animal or vegetable

substance or article, whether manufactured or not, or in case of milk

if it is the product of a diiseased animal. (6) If it is colored, coated,

I)olished or powered, whereby damage or inferiority is concealed, or

if by any means it is made to appear better or of greater value than

it really is. (7) If it contains an added substance or ingredient which

is poisonous or injurious to health.

Such are the articles which are prohibited from being manufac-

tured or sold as food in this Commonwealth. The object of the

statute is to protect the public health by securing pure food and to

prevent fraud and deception in the manufacture and sale of adul-

terated articles of food.

The purpose of the legislature in the passage of this act is most

commendable, and the statute should receive a construction by the

courts that will fully and effectively accomplish the object of its

enactment.

It will be observed that the third section is not directed against

the manufacture or sale of adulterated food, but declared what shall

be deemed and taken to be an adulteration of food. Each of the sev-

eral clauses is couched in explicit and unambiguous terms. The
language of the clause under w'hich this indictment was framed is

plain and admits of but one meaning. It is therefore not necessary

to resort to technical rules of construction in aid of its interpreta-

tion.

''Whatever may have been the legislative thought," says Thomp-
son, J., in Bradbury vs. Wagenhorst, 54 Pa. 182, ''no ambiguity ex-

ists in w^hat they said, and when the words of the statute are plainly

expressive of an intent, the interpretation must be in accordance

therewith."

It is not a poisonous or injurious compound resulting from the ad-

dition of a foreign ingredient that the seventh clause declares to be
an adulterated article. If it were, the position of the defendant
would be correct and, under the testimony in the case, he would have
been entitled to an acquittal.
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The evidence iuti'odueed ou Ibe tiial and admitted by the court,

however, was to show that the foreign substance added to the food

product was poisouous and injurious to health. That is clearly what

the clause declares shall constitute an adulteration. Its language is:

"If it (the adulterated food) contains any added substance or ingredi-

ent which is poisonous or injurious to health." The terms of the

clause, therefore, declare against a compound that if formed by the

addition of a poisonous or injurious ingredient and not against a

compound that is poisonous or injurious to health.

This interpretation is supported by the plain and explicit language

of the clause as well as by the manifest purpose of the Legislature in

its enactment. An article resuliing from the addition of a poisonous

substance, the Legislature believed would be unhealthy, and, hence,

its manufacture and sale is forbidden by the first section of the

act. The guilt of the defendant, therefore, does not depend upon the

nature or character of the compound resulting from the addition of

the salicylic acid to the fruit syrup, but was to be determined solely

upon the poisonous or injurious qualities of the acid, which was the

ingredient added to the food.

The seventh clause of the act, as construed, does not offend against

any provisions of the Constitution of the Commonwealth. It does

not prevent the admixture of pure articles as a food, nor prohibit

the addition of a healthful ingredient as a fruit preservative.

It is directed against the introduction into a food product of a

substance foreign to it and of a poisonous or injurious nature. As
said above, the purpose of the act was two-fold: To protect the pub-

lic health, and to prevent fraud and deception in the manufacture and

sale of adulterated food.

It is within the province of the General Assembly to determine

whether the addition of a poisonous or injurious substance to a food

article endangers the health of the citizens of the State, who use the

compound; and if it does, then it is clearly within the police power of

the State to prohibit the manufacture and sale of the adulterated

article as well as to protect the public from imposition or fraud in

the sale of it.

The exercise of such authority by the Legislative Department of

the Government does not transcend the constitutional limits of its

power. In Powell vs. Commonwealth, 114 Pa., 294, iSterrett, J., after

reviewing the cases holding legislation to be constitutional on the

ground that it was the lawful exercise of the police power of the

State, says: '"The manufacture, sale and keeping with intent to sell,

may all alike be prohibited by the Legislature, if, in their judgment,

the protection of the public from injury or fraud requires it. To

deny the authority of the Legislature to do so, is to attack all that

is vital in the police power. To refuse recognition of the power in a
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{^ivi'ii cast', bciaiiise iu (he jiidgnieut of some, the Legislature, though
aeliiig wiihin its [irojier splieie, luny have mistaken the public ueces-

sit V for a law prohibiUirj iu its character, is to make the individual

judgment suiieiior to that of the Legislature to which the people in

their sovereigu capacity have delegated the law making power."

There was ample evidence, if believed, to warrant the jurj in find-

ing that salicylic acid is poisonous and iujurious to the human sys-

uiii. Ko other conclusion would have been justified bj the evidence.

It is equally clear that the manufacturers of the liaspberrj Syrup

sold by the defendant were concealing its true ingredients from the

public. This is manifest from the label on the bottle on which is

priuU'd: "Warranted pure and unadulterated fruit syrup."

The testimony iu this case discloses the fact that the syrup is not

in "a pure and unadulterated" condition, but that it contains an in-

gredient foreign to its natural state.

We are of the opinion that the learned trial judge properly inter-

preted the act of Assembly under which this indictment was drawn,

and that, therefore, his ruliugs on the admission of testimony and his

answer to points for charge, which are complained of in the assign-

ments of error, were correct. The judgment of the Superior Court

is alfirmed.

State of Pennsylvania,

Eastern District,
!

I, Charles S. Greene, Prothonotary of the Supreme Court of Penn

sylvania in and for the Eastern district, do hereby certify that the

above and foregoing is a true copy of the opinion in the above en-

titled cause so full and entire as appears of record in said court.

In testimony whereof, I have hereunto set my hand and affixed the

seal of said court, at Philadelphia, this fourth day of March, A. D.

1902.

( Signed.) CHARLES S. (JREENE,
( Seal.) Prothonotary.
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TAiiLE NO. 1.

Number of samples t;ilc<>ii

eember 31, 1902.

;ni<l siialrzed fiom Jnminiv 1, to De-

Allspice, pure 1

Allspice, adulterated 2

Almond Extract, pure, 1

Almond Extract, adulterated 2

Apple Butter, pure, 2

Apple Butter, preserved 1

Bacon, not preserved, 1

Baked Beans, pure 1

Baking Powder, pure 3

Banana Extract, adulterated, .. 1

Beef, not preserved 47

Beef, preserved 6

Beef Extract, preserved 2

Beef Salad, pure, 1

Beer, pure, 6

Beer, adulterated 2

Birch Beer, pure 1

Blackberry Preserves, pure 1

Blood Orange, colored 2

Blood Pudding, pure 1
Bologna, not preserved, 42
Bologna, preserved, 13
Boric Acid, 1
Brook Trout (canned), adul 1

Butter, pure 183
Butter, renovated 41
Butter, colored oleo., 278
Butter, uncolored oleo 4

Candy, pure, 4
Catsup, preserved 4

Catsup, colored 2
Celery Salt, pure 1
Cheese, pure 5

Cheese, adulterated 6

Cherry Jam, pure 1

Cherry Kola, pure, 1

Cherry Kola, adulterated, 1

Cherry Syrup, adulterated, 1

Chicken (potted), pure, 17
Chicken Loaf, not preserved 1

Chicken Loaf, preserved ]

Chocolate, pure 4

Chocolate, adulterated, 17
Chocolates, pure 2

Chocolates, adulterated, 2

Chocolate Eggs, pure, 4

Chocolate (sweet), pure, 1

Chocolate (sweet), adulterated, .. 1

Choeolatina, adulterated, 1

Cider, adulterated 1
Cinnamon, pure 2
Cinnamon, adulterated, 1

Cloves, pure 8

Cocoa, pure, 16
Cocoa, adulterated, 10
Cocoa Powder, pure 2
Coffee, pure, 2

Condensed Milk, pure 3

Condensed Milk, preserved, 2

Corn (canned), pure 3

Corned Beef (canned), pure, 14
Corn Meal, pure, 1

Cottage Roll, preserved, 1

Cotton Seed Oil, pure 1

Cream, pure 29
Cream, preserved, 4
Cream of Tartar, purt, 5

Cream of Tartar, asiulterated, ... 7

Currant Pomade, pure, 1

Devilled Crab, pure 1

Dried Beef, not preserved, 4

Dried Beef, preserved 1

Dried Beef (canned), not pre-
served 1

Egg Flake, pure, 1

Egg Save, pure, 1

Evaporated Cream, pure 1

Evaporated Cream, adulterated, 1

Evaporated Peaches, pure, 1

Fish (salted), pure 1

Flour, pure 1

Formalin, pure, 1

Frankfort Sausage, not pre-
served, 9

Frankfort Sausage, preserved, .. 12

Fruit Syrup, pure, 1

Fruit Syrup, adulterated, 2

Fruit Syrup (peach), pure 1

Fruit Syrup (pineapple), pure, .. 1

Fruit Syrup (pineapple), adul., .. 1

Fruit Syrup (I'aspberry), pure, .. 8

Fruit Syrup (strawberry), pre-
served , 2

Oinger, puie 4

Ginger Ale, pure, 15

(Jinger Ale, preserved, 2

Gooseberry Jam, pure 1

Granulated Sugar, pure, 2

Grape Juice, pure 1

Ham, not preserved, 39

Ham, preserved 1

Ham (boiled),' not preserved 1

Ham (devilled), not preserved, .. 8

Ham (devilled), preserved, 1

Ham (minced), not preeerved, ... 18

Ham (minced), preserved, 2

Ham (potted), not preserved, .... 4©

Ham (potted), preserved, 5

Ham (prepared), not preserved,.. 1

Ham (pressed), not preserved, .. 2

Ham (pressed), preserved, 1

Ham Loaf, not preserved 4

Hamburg Steak, not preserved, .. 22

Hamliurg Steak, preserved, 21

Head Cheese, not preserved, .... 3

Honey, pure, 8

Honey, adulterated, IS

Infant's food, pure, 2

Jelly (currant), pure, 1

Jelly (plum), pure, 1

Jelly (raspberry), adulterated, ... 1

Jelly (strawberry), adulterated,.. 1

Lanib, not preseivud 6

Lard , pure 10
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Lard, compound 1'

Lemon Kxiract, pure 5

Lemon Extract, adulttiated, .... 3U

Lime Juicf, pure, 1

Liver Pudding, not preserved, .. "i

Lobster (canned), not preserved, i

Maple Sugar, pure, 1

Maple Syrup, pure 13

Maple Syrup, adulterated 15

Marmalade, pure 1

Meat (chopped), not preserved,.. 8

Meat (chopped), preserved, 15

Meat (fresh), not preseived 5

Melrose Pate (canned), not pre-
served 2

Milk pure 157

Milk, adulterated 45

Milk, preserved, 23

Milk, colored, 1

Mince Meat, pure, 2

Mince Meat (condensed), pure, .. 5

Molasses, pure 4

Molasses, adulterated, 10

Mustard, pure / 5

Mustard, adulterated 1

Mutton, not preserved, 4

Mutton, preserved 1

Noodles, adulterated 1

Oat Food, pure, 2

Olive Oil, adulterated 1

Orange Extract, adulterated 1

Ovine, colored 1
Ox-heart, preserved, 1
Ox-tail soup, pure, 1
Ox-tongue (potted), pure, 3

Oysters (canned), not preserved, 8

Oysters (canned), preserved, .... 2

Oysters (cove), not preserved, ... 1

Oysters (fresh), not preserved, .. 1

Oysters (fresh), preserved 3

Peas (canned French), colored, .. 6

Peas (canned French), colored, .. 6

Pepper, pure 26
Pepper, adulterated 28

Pigs Feet (pickled), not pre-
served 1

Pineapple Chunks, pure 1
Pineapple Extract, adulterated,.. 4

Pork, not preserved 11
Pork, preserved 2

Pork and Beans (canned), pure, 1

Posluin Cereal, pure 1

I'udding, pure, " 1

Raspberry Preserves, adul., 2

Roast Beef (canned), not pre-
served, 6

Roast Beef, not preserved, 1

lioast Fowl, not preserved, 1

Salmon (canned), not preserved, 1

Salmon (canned), preserved 1

Salt, pure 1

Sardines, adulterated, 1

Sarsaparilla, pure 3

Sausage (canned), not preserved, 3

Sausage (canned), preserved, 7

Sausage, not preserved, 116

Sausage, preserved, 101

Smoked Beef, not preserved, 3

Smoked Beef (sliced), not pre-
served 1

Strawberries (canned), adul 1

Strawberry Extract, pure, 1

Strawberry Extract, adulterated, 7

Strawberry Jam, pure 4

Strawberry Preserves, pure, 1

String Beans, colored and pre-
served 1

Tea, pure, 2

Tomatoes (canned), pure, 1

Tomata Soup, pure 1

Tongue (pickled), pure, 1

Tongue (potted), not preserved, 2

Tongue (potted), presei-ved 9

Turkey (canned), not preserved, 9

Turkey (canned), preserved 4

Vanilla Bean, pure 2

Vanilla Extract, pure 17

Vanilla Extract, adulterated, ... 49

Veal Loaf, not preserved, 14

Veal Loaf, preserved 4

Vienna Sausage, not preserved, .. 3

Vienna Sausage (canned), not
preserved 3

Vienna Sausage (canned), pre-
served, 11

Vinegar, pure, 37

Vinegar, adulterated 25

Vinegar (distilled), colored 6

Total 2,052

TABLE NO. 2.

Number of samples taken and aualvzed under the several laws

from January 1, to December 31, 1902.

Number of cheese samples which proved to be up to stand-

ard, 5

Number of cheese sani])les which jiroved to be not up to

standard 6

Total number of cheese samples aualvzed, 11
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Number of lard samples whieli juovcd to be pure, 10

Number of lard samples which proved to be compound, .... 17

Total t^umber of lard sauiples analyzed 27

Number of milk and cream samples which proA'ed to be pure, 186

Number of milk and cream samples which proved to be adul-

terated, 45

Number of milk and cream samples which proved to be pre-

served, 27

Number of milk and cream samples which proved to be

colored, 1

Total number of milk samples analyzed, 259

Number of butter samples which proved to be pure, 183

Number of butter samples which proved to be oleomar-

garloe, 28',

Number of butter samples which proved to be renovated,. . 41

Total number of butter samples analyzed, 506

Number of food samples which proved to be pure, 701

Number of food samples vvhich proved to be adulterated,. .

.

230

Number of food samples which proved to be preserved, . . 239

Number of food samples which proved to be colored, 11

Total number of food samples analyzed, 1,181

Number of vinegar samples which proved to be up to the

standard and true to name, 37

Number of vinegar samples which proved to be not up to the

standard or not true to name, 31

Total number of vinegar samples analyzed, 68

Total number of samples analyzed 2,052

7—0—1902
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TABLE NO. 3.

^Vlli(•ll gives the niinibor of suits and prosecutions commenced,

terniiiflated and pending, from January 1, to December 31, 1902, also

vcises commenced iuevions to and terminated (5nring the year 1902.

Cases Commenced During the Year 1902.

u

to
c

Under the cheese act of 1S97

Under the lard act of ISM
Milk cases protecuted under the milk act of 1901 and the pure

food act of 1895

Under tba oleoniargarine act of 1901

Under the pure food act of 1S85

Under the renovated Vmtter act of 1901

Under the vinesar act of 1S9T

Total,

10
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REPORT OF THE STATE VETERINARIAN.

ETarrisburg, December 31, 1902.

Honorable John Haniilton, Secretary of Agricultvre :

Sir: I have the honor to present to you herewith a report of my
work as State Veterinarian for the calendar year 1902. Since it is

impossible to separate the work that falls to me as State Veter-

inarian and as Secretary of the State Live Stock Sanitary Board, I

also incorporate a review of the work of the Board. The volume of

work for the year is greater thao ever before. As the work of the

State Live Stock Sanitary Board becomes better understood by the

live stock owners of the State there is increased demand for the

help that it alone can furnish. The Board is asked not only to take

action and to make inspections in more instances than in the past,

but it is also communicated with by persons in need of advice and

assistance in respect to Sanitation and the care and management

of live stock. The miscellaneous correspondence that is thus grow-

ing up is becoming so large that it requires a great deal of time to at-

tend to it and brings into prominence the question as to whether it

may not soon be necessary to in some way curtail it or to enlarge the

organization that is caring for it.

There has been a noticeable diminution in the prevalence of most

of the infectious diseases of animals during the past year; this is par-

ticularly true in respect to tuberculosis of cattle and of anthrax and

black-quarter. There has, however, been a slight increase in the pre-

valence of glanders, hog cholera and rabies due, in respect to gland-

ern and hog cholera, to the importation of diseased animals from

other States. There is no State inspection of horses or swine com-

ing into Pennsylvania and practically all of the outbreaks of glanders

and hog cholera that occur here are due to infected animals from

other States. It is possible, however, in every instance, to gain con-

trol of and to eradicate outbreaks of these diseases, but in the case

of hog cholera this may not be accomplished until considerable loss

has occurred. In reference to rabies, the difficulty lies in the im-

possibility of establishing an effective quarantine of dogs when it is

necessary to do so to control an outbrenk. A bill will be introduced

in the coming Legislature having for its object the correction of this

defect. The text of the proposed bill is given below under the head-

ing or rabies.
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Intcicsi ill (lie r('j)ressi(tii nf I iibcrculosis of cattle constantly in-

civascs Mid llu' herd owticrs arc iiiuii' (lian ever deterniiru'd to have

their live stock free from tliis disease. The result has been that the

lioard has been called upon to make nearly four times as many in-

filiections as it is possible to make with the funds that are available

for this i)urpose. It has thus been possible to make inspections of

the worst infected herds and in this way to clean up many of

I he most dangerous distributing centers of the disease.

During the summer, investigations were made of. the disease of

cattle that has prevailed for several years among cattle pasturing

i« the wild, mountainous sections of the State. This disease has

sometimes been called ''mountain disease," and it was generally sup-

posed by the farmers of the regions in which it occurred to be due

to poisoning by some unidentified plant. As a result of investiga-

tions conducted with the assistance of Dr. S. H. Gilliland, it has been

proven to be identical with the so-called ''rioderseuche" of Germany

and with haemorrhac/ic septicaemia, that has been recognized among

cattle in Minnesota and Wisconsin. This very important discovery

removes a cloud of doubt as to the cause of the loss of thousands of

cattle. There are sections of the State formerly used extensively for

pasturing cattle that for many years have been abandoned for this

purjiose, entirely on account of the prevalence of this heretofore un-

identified disease. The means that it is necessary to take to control

this malady are stated below.

Dr. M. P. TJavenel has continued in charge of the laboratory of

the Board and has supervised the production of all of the tuber-

culin, malleio and anthrax vaccine used by the State Live Stock

Sanitary Board. The quantities of these materials used are gradual-

ly increasing as their value in the diagnosis or prevention of disease

is becoming better known. By sending them out to veterinarians

free of charge their use is encoiiraged, to the great sanitary advant-

age of the Commonwealth. It is doubtful if an equal amount of

good could be done by an expenditure several times as great in

other directions.

The recognition of the existence of an infectious disease must be

the first step preliminary to its eradication. By assisting in the

early diagnosis of infectious diseases, the laboratory of the Board
renders most important assistance. The laboratory is being freely

used by the veterinarians of the State, who send to it specimens for

o})inion and diagnosis. Heads of animals that have died of a dis-

ease supposed to be rabies are sent to the laboratory in large num-
bers. By the use of the new method of rapid diagnosis, that has re-

ceived its chief development in this country in the laboratory of the

State Live Stock Sanitary Board, and the Pepper Clinical Laboratory
ai the hands of Dr. M. P. Rarenel and Dr. D. J. McCarthy, it is now
possible to determine, with a high degree of accuracy, whether an
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auiiiuil was alllicled with rabies or uot. JJy means of this informa-

tion it is possible to prevent much disease and loss of life and prop-

erty. Wheti a person is bitten bj a dog that is possibly alilicted with

rabies, it is of the utmost importance to that person that a diaguosLs

of the disease afflicting the dog shall be made promptly and ac-

curately. If the dog was afflicted with rabies it is important that

this shall be known so that the person that was bitten may adopt any

precaution or treatment that may protect him from rabies. On the

other hand, if the dog was not alilicted with rabies much discom-

fort and terror are avoided by early knowledge of this fact.

An important development during the year has been made in con-

nection with the study of the immunization of cattle against tuber-

culosis. A paper on this subject was presented to the Pathological

Societj of Philadelphia, on November lo, 1902, by Dr. S. H. Gilliland,

A ssistant Bacteriologist of the State Live Stock Sanitary Board,

and myself. The text of the paper will be found below. It may be

observed here that it has been possible in these experiments to

immunize cattle against tuberculosis. The method is based upon a

principle similar to that controlling the immunization of cattle

against anthrax. It is necessary to make further experiments to

develop this system before it can be applied practically on farms.

To do this a large experiment should be conducted under natural

farm conditions; a herd of tubercular cows should be established

and cared for as cattle are usually cared for on farms. The calves

ft'om such cows as they grow up should be vaccinated, with a view

to endeavoring to protect them against tuberculosis. A number of

healthy cattle should be added to such a tubercular herd, part of

these should be vaccinated and the rest allowed to remain without

vaccination, with a view to measuring and determining the value of

protection afforded by vaccination under such conditions. It is also

important that the shortest and simplest method of vaccination

shall be determined, to the end that the system may be rendered

as economical as possible. Furthermore, it is important to know how
long the immunity that is thus conferred will continue. It is hoped

that the coming Legislature may see the importance of developing

this system of protection against a most insidious enemy of cattle and

will furnish the means for renting and using a farm as an experiment

station for the thorough testing and development of this discovery.

Nearly G(J,OUO doses of tuberculin have been made during the year,

and this, together with the mallein and anthrax vaccine that have

been furnished, have value equivalent to the entire cost of running

the laboratory for the year, so that the special work of diagnosis, re-

search and investigations that have been so fruitful for the past

twelve months have been conducted at no cost to the State. That is,

"the laboratory and equipment by the use of which this work was done
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earned etiuu-^h iiioue}- by the production of the biological products

iihovc ciiwiiicrulfd to pay Iheir cost of maiuleuauce. Ol' coiuse, none

ol' llifsc products were sold, but if tliej bad not been produced in the

laboratory it would have been necessary for the State to pay for them

as much as the laboratory cost.

The comparative study of tubercle bacilli from human and bovine

sources has been continued and the latest report upon this subject

liv Dr. -Mazvck i'. Kavenel will be found below. It is believed that

the investiy;atiotis upon which this report is based have been con-

ducted for a longer time and are more comprehensive than similar

investigations made in any other part of the world. As the work

has been done with the utmost care there is reason to have coulideuce

ill the conclusions that are stated.

Tuberculosis.— This is still the most widespread and dangerous

disease among cattle in rennsylvaiiia. It is estimated that the

losses from this disease amount to from f2,UUU,000.U0 to $3,000,000.00

a year. Ihis total is large, but it is believed to be a conservative

estimat'.- and upon analysis it will appear that it is by no means

improbable. There are in the State about 225,000 farms and an aver-

age loss of $10 a farm would make a total of $2,250,000.00. If the

average value of a dairy cow is $40, it will be seen that the loss of

such a cow is equivalent to an average loss of $10 a farm for four

farms; but it is not uncommon for ten cows to be lost as a result of

tuberculosis; this means a total loss of $400, or an average loss of $10

a farm for forty farms. In one herd this year, the losses from tuber-

culosis amounted to $5,000, which is equivalent to a loss of $10 a farm

for 500 farms. Undoubtedly, the losses from tuberculosis are now
much smaller than they were a few years ago, and the disease is

believed to be practically eradicated from man^^ parts of the iState;

the parts where the herd owners themselves have taken the most
active interest in repressing this scourge. But the losses are still

very great and the disease is still often spread from herd to herd

through the sale of tubercular cattle. The distribution of disease

that formerly resulted from this cause has been checked in so far as

cattle fro'n outside of Pennsylvania are concerned. It is required

thai these, if intended for the dairy or for breeding purposes, shall

be inspected before they are sold. The effect of this law is most
beneficial and 1 reproduce here an analysis of its results based upon
a most liberal estimate as to the cost of its operation and a most
conservative estimate of its value to live stock owners. The quota-

tion is taken from my annual report for the year 1900.

'The increased cost of inspected cows is equivalent to the cost of

the inspeciion. This averages about fifty cents per head. In order

that all possible collateral expenses may be surely covered, the ex-

treme figure of $1.00 per head may be taken as the basis for this
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caliMi lilt ion. Oil l.j,()OU cows this means §15,000.00 expense or cost

of ii)si)ecti(!U. Is'ow, what is the gain? Since two and one-half per

cent, of tlie cows examined are tubercular and aie prevented from en-

(rring faruiers' herds, 375 cows are thus directly excluded. At the

reasonable average of $40 per head this means that $15,000.00 worth

of tiib(?rcular cows are denied sale in Pennsylvania. That is, the

purchaseis of out of KState cows ])ay $15,000,00 for the inspection, but

save $15,000.00 that they would otherwise expend for tubercular

cows. But this is not the only saving.. From two to three times

as many tubercular cows would be brought into I'eiinsylvauia and

sold, were they not inspected, so that the direct saving may be

safely estimated at $30,000. Ot), Moreover, many of these tubercular

cows would spread infection and some of them would start dis-

ease that would undoubtedly infect whole herds. (As one of many
examples the Piollet herd was thus infected by a cow from New
Jersey and 150 cattle became tubercular involving a loss of more
than $0,000.00 on this single herd.) If each cow should infect

an average of but one animal the loss would be doubled and would

reach $00,000.00 per year. I believe that this estimate is most con-

servative and that the money spent in testing cows from other

States is the means of saving, to cow owners, at the very lowest, four

times as much in direct loss from tuberculosis."

Several brilliant illustrations of the value of the inspectiosi of

cattle from outside of the State have been afforded during the past

year. As an instance, in two car loads of cows from Virginia it

was found that one-half were victims of rather well marked and ad-

vanced tuberculosis. Notwithstanding this fact, these cows were

offered for sale and would have been sold in Chester county if it had

tiot been for the required inspection. As it was, they were reK;urn«d

to Virginia. Perhaps one of the most beneficial features of the in-

spection law is its effect in causing cattle dealers to exercise great

care in selection of cows to be shipped to Pennsylvania and especi-

ally to avoid purchasing them in districts where tuberculosis is pre-

valent.

I wish to call attention again to a statement made in my report of

last year, which, upon further consideration, 1 rc^gard as entirely

feasible and worthy of adoption. Last year it was put forward

tentatively but now I am convinced that a plan such as pro-

posed below would be of great value to the live stock interest of the

State.

''There is still much damage done by the sale of tubercular herds.

When it becomes evident, through the death or debility of some of

its members, that a herd is tubercular, some owners submit to the

strong temptation to sell their cattle. They reason that, by so doing,

they are violating no special law and that they will wceive more for
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their possibly diseased but still beallhy lookiug cows tbau the State

will pay, and they are escaping fuitber loss. Of course there are man
ifest draw-backs to coihIikI iiig this sort of business iu the locality in

which owe lives. So, such cows are usually sold to a dealer and
are removed by him to some distant place, perhaps to another State.

I believe that this sort of traliic should be discouraged by special

legislation and by providing a safe market for tubercular cows. By
a safe market, 1 mean such an outlet for them as exists in Switzer-

land, for example. In that country, cows found upon tuberculin

test to be tubercular are not destroyed if they are still in the earlier

stages of disease, but they are marked by cutting a piece out of the

ear in a «haracteristic wa}', so that every one may know that the cow
is tubercular. Then the sale of cows so marked is not prohibited

but, by the obvious mark that is every where understood, every one

is warned that this cow must, for the safety of the owuer and his

herd, be kept in such a way that disease cannot spread from her.

This is easily accomplished by keeping the cow in a stable apart from
healthy cattle, by having her pastured apart from them and by heat-

ing her milk to 1G5 degrees F. for ten minutes. Some of these

tubercular cow s when kept under these conditions continue to render

useful service for two, three or even for four years. Cows that would
be a source of great danger aud loss in a herd may be kept iu this

way with profit. Their calves are almost always born healthy and
may be reared in health if they are removed from their dams soon

after birth, are kept away from tubercular cows and are fed on the

heated milk of such cows or on the milk of healthy cows. If herds of

cows in the early stages of tuberculosis were established, but only

under inspection and quarantine, their milk could, with proper pre-

cautions, be used for many purposes and such herds would furnish a

safe outlet for the reacting cows from other herds."

It is regretted that the funds at the disposal of the State Live

Stock Sanitary Board are not suflicient to enable it to inspect all of

the herds that are offered for inspection, but since it is not possible

to do this the plan is adopted to make an inspection where the need
appears to be greatest; that is, where there is the strongest evidence

of existing infection. Since, on account of the financial limitations,

all lierds cannot be tested with tuberculin where owners apply for

inspection, it is necessary to rely upon a physical examination for the

detection and removal of the more advanced and therefore the

more dangerous cases. By means of this method of inspection

cattle with advanced tuberculosis or tuberculosis of the udder can

be detected. At the same time, advice is furnished as to the general

measures that should be adopted to restrict the spread of tuber-

culosis and also in respect to the improvement of the sanitary con-

dilions surrounding the cattle. But tuberculosis cannot be fully
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eradicated from a herd by meaus of this sort of iuspectiou. It is re-

sort'id to for the purpose of removiog the animals that are most

daiigerous at the time and thus afford a temporary relief until such

time as it may be possible to make u complete inspection and tuber-

culin test.

During the year, about 1G,00U cottle have been tested or other-

wise inspected and of these USO were found to be tubercular and

were destroyed. The tubercular cattle were in 438 herds compris-

ing 5,928 members.

The following paper from the laboratory of the tState Live Stock

Sanitary Board on the intercommunicability of human and bovine

tuberculosis by ]^r. Mazyck P. Kavenel is printed there because it fur-

nishes a full statement of what has been done and the conclusions

upon the important subject of which it treats. The paper was read

before the Pathological Society of Philadelphia, April 24th, 1902, and

is reprinted from the proceedings of the Pathological Society for

May, 19U2.

THE INTERCOMMUNICABILITY OP HUMAN AND BOVINE
TUBERCULOSIS.

BY MAZYCK P. RAVENEL. M.U., Bactcrhihjgiat uf the State Live Stock Sanitary Hoard.

I find it difficult to express adequately my deep sense of the honor

whiclh has been paid me by the invitation of your committee to give

tlie address of the evening on this occasion. The Pathological So-

ciety of Philadelphia has from its foundation bad a most honorable

position among the scientific bodies of the world, and has always

etood for what is best and most advanced in the branch of medical

knowledge to which it is particularly devoted. I Ihave always felt

it a high privilege to be able to inscribe myself a member, and to

have the seal of the society put to such contributions as I have been

able to make. More than this 1 never thought of aspiring to, hence

the invitation to give this address was as unexpected as it was

grateful to me.

The hesitation whicih I naturally felt over accepting such a re-

si>on6ible office was relieved, to a considerable extent, by the sug-

gestion of your committee that I should speak on some phase of the

tuberculosis problem, which has been an object of special study at

the laboratory of the State Live Stock Sanitary Board of Pennsyl-

vania, and in which I have had the constant advice and assistance

8
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of Dr. Ix'ouard I'l'arsou, State Veterinarian of I'ennsylvauia, and

Dr. S. 11. (iilliland, lirst assistant. The work I am about to report

from our laboratory is tihe result of our joint etlorts, and 1 take

pleasure iu acknowledging my personal indebtedness to these co-

workers.

The past decade has seen the awakening of a wide-spread interest

in the study of tuberculosis, the spirit of Oriental fatalism which

has for so long led us to view with equanimity the awful loss of life

annually indicted by this great white plague having given away to

an active campaign against its ravages, a campaign so far largely

one of education, in which we strive to spread far and wide the

fundamental facts that tuberculosis as a communicable disease, and

from that fact, preventable. If preventable, wlhy not prevented?

With these precepts firmly implanted in the minds of the medical

profession, as well as of the general public, we have reason to hope

that each year will see a more careful study of the methods by wJiich

tuberculosis is si^read and the means to be adopted for its preven-

tion. On every hand societies for the prevention of tuberculosis are

being formed whose object is to teach the truth concerning the dis-

ease and to dispel those false notions, chief among which may be

mentioned belief in the hereditary character of tuberculosis, which

in the past have led us to regard the tribute of human life as inevita-

ble.

The intelligent prophylaxis against any disease demands a

thorough understanding of tlhe methods by which it is spread. The
vvhole world is in accord in assigning the chief role in the propaga-

tion of tuberculosis to the inhalation of particles of sputum thrown

oil' by phthisical persons, the majority of the profession agreeing

with Cornet in the belief that sputum is most dangerous when dried

and pulverized, while others follow Fliigge in regarding tihe moist

floating particles thrown out during coughing, sneezing, etc., as most

to be feared. The danger to mankind from tuberculosis of cattle

has been discussed at a length and with a fervor not surpassed in the

history of modern medicine. The immense practical importance of

the subject to the medical profession, to those charged with making
and enforcing laws for the preservation of the healtlh of the commu-
nity, no less than to every man, woman and child, justifies our deep-

est interest, and most earnest studies.

The relation that exists between human and bovine tuberculosis

and the part pla^^ed by cattle in spreading the disease among man-
kind is now the great question, to which attention has been drawn
with renewed activity by the attitude of Professor Koch, announced
in his paper before the Britislh Congress on Tuberculosis in July,

1901. This paper was the more striking in that it contained state-

ments diametrically opposed to the former teaching of Koch that
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"Boviue tubeculosis is idientical with human tuberculosis, and is

thus a disease transmissible to man.' This belief was the outcome

of the experiments made by Koch at the time of his discovery of

the tubercle bacillus, and has been generally accepted by the medi-

cal and veterinary professions up to the present time. So much has

been written of late on the subject that I will pass over minor ditfer-

ences of opinion, and at once take up the consideration of the two

main propositions which were formulated by Koch and which include

all points of controversy in the discussion of the relation between,

human audi bovine tuberculosis.

1. "Human tuberculosis differs from bovine and cannot be trans-

mitted to cattle."

2. "Through the important question wihether man is susceptible

to bovine tuberculosis at all is not yet absolutely decided, and will

not admit of absolute decision to-day or to-morrow, one is, never-

theless, already at liberty to say that if such a susceptibility really

exists the infection of human beings is but a very rare occurrence.

1 should estimate the extent of infection by the milk and flesh of

tuberculosis cattle, and the butter made of this milk is hardly

greater than that of hereditary transmission, and, therefore, do not

deem it advisable to t;ake any measures against it."

I. Tihe first of these propositions is susceptible of direct experi-

mental investigation, and can, therefore, be answered positively with-

out going into the domain of theory. Prof. Koch based this state-

ment on the result of an insufhcient number of experiments* done

by Prof. Shiitz and himself. A number of young cattle proved to be

free from tuberculosis by the tuberculin test were infected in various

ways with the bacilli of human origin or with tubercular sputum.

"In some cases the tubercle bacilli or the sputum were injected un-

der the skin, in others into the peritoneal cavity, in others into the

jugular vein. Six animals were fed with tubercular sputum almost

daily for seven or eight months; four repeatedly inhaled great quan-

lities of bacilli, which were distributed in water and scattered with

it in the form of spray. None of these cattle (there were nineteen

of them) showed any symptoms of disease, and they gained consid-

erably in weight." After six to eight months tihey were killed, and

no trace of disease was found in the internal organs. Where the

injections were made, small foci of suppuration had formed, in which

there were found a few bacilli.

Inoculations of a similar nature with bacilli from the lungs of an

animal with bovine tuberculosis resulted alwaj's in rapid illness,

ending often in death, while some w^ere killed in a miserably sick

condition after three months. In all cases there was extensive tu-

berculosis, involving the internal organs, especially tttie lungs and

Bpleen.
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A similar dilTerence in pathogenic pow^r was found iu feeding

experiments, on pigs, where one lot of six received human tubercular

sputum, and a second lot of six were given pure cultures of the bovine

tubercle bacillus; and also in experiments on asses, sheep, and

goats, where the inoculations were made with pure cultures of human
and bovine bacilli into the circulation.

Results similar to these iu the main have been obtained by Smith,

Frothingham, Dinwiddle, and at the laboratory of the State Live

Stock Sanitary Board of Pennsylvania, and we may admit that, as

a rule, cattle show a high degree of resistance to the human tubercle

bacillus, and tliat for all exi)erimental animals the bovine bacillus

has a pathogenic power equal to the human bacillus, while for the

great majority it is vastly more pathogenic; but this does not by any

means show that man is not susceptible to infection by the bovine

organism, and we have abundant proof tlhat it is quite possible to

infect cattle with the tubercle bacillus from human sources.

The identity of tuberculosis as seen in man and cattle was held

by Villemin, who believed he had proved the correctness of this view

in his inoculation experiments, by which he showed conclusively that

small animals like rabbits become tuberculous following the injec-

tion of material from man as well as cattle. Chauveau^ was, ihow-

ever, the first to make the attempt to infect cattle with tubercular

material from man, and his success is shown in the following abstract

of his experiments:

First iii^ies.— Infection by the Digestive Tract.—Three animals

were used, and as controls there were three other similar animals

which were infected with bovine material, and also three which

were not infected at all, these last remaining free from tuberculosis.

Those to which bovine material had been fed as well as those which

received human material became tuberculous. At the autopsy it

was impossible to distinguish one set from the other. In all of them
the lesions provoked showed the same character. The individual

histories of tihe three animals infected with human material are as

follows:

1. A heifer, six months old, which received material from the lung

of a young man dead of acute miliary tuberculosis. Two doses of

an emulsion of this material were given morning and evening of the

same day. It was killed on the fifty-seventh day, having lost flesh

to a slight degree. The lesions were found almost exclusively in the

abdominal cavity. In the small intestine there were more than two
hundired tubercles varying from tIhe size of a pea to that of the head
of a pin. The liver contained upward of a dozen small tubercular

masses on its surface. The peritoneum showed a marked eruption

of tubercles.



No. 6. DEPARTMENT OF AGRICULTURE. 109

2. A licifer, elev«^n months old, whicli received two feeding^s with

an interval of two davs, the material being taken in j^art from the

lung of a child with acute miliary tuberculosis and in part from

the lung of an adult with a marked chronic phthisis with caseation.

The animal soon became sick, and during life tuberculoisis could be

detected. The submaxillary ganglion on the right side became en-

larged about the fifteenth day, and increased steadily until the ani-

mal was killed on the fifty-ninth da}-. The intestinal tract was only

slightly involved, but the ganglia related to the first portion of the

digestive tract showed marked lesions. The right submaxillary and

the retropharyngeal glands were considerably enlarged and showed

a typical tuberculous witih some calcification. The principal lesions

were found in the thoracic cavity. In the lung were a dozen dissem-

inated foci mostly superficial, most of which showed caseous points

on section. Microscoincal examination showed them to be made

up of a great quantity of lymphoid cells, with some giant cells. In

the neighborhood of these masses and also in areas far from them

wcr€- found diffuse tubercles developing into the alveolar tissue, as

well as in the perivascular and peribronchial connective tissue.

These young lesions siiowed exactly the same histologic structures as

the larger ones. The bronchial and mediastinal glands were also

markedly involved.

3. A young bull, about ten months old, which received two feedings

on two consecutive days, composed of an emulsion made from the

lung of two persons who had died of chronic phthisis (caseous pneu-

monia). After a diarrhea, which lasted several days, the animal

showed marked illness, and lost flesh. It soon began to couglh, and

so marked were the symptoms that it was slaughtered on the thirty-

four ih day. In the small intestine there was a marked eruption of

tubercles extending from about the second portion of the jejunum

to the end of the ileum. In certain portions the mucous membrane
was converted into confluent tubercles. The most interesting lesions

were found on the mucous membrane of the respiratory tract. In

the larynx and the upper part of the trachea were found masses of

gray granulations, a few of which were red and ulcerated.

Second Series.

—

Infection hy Intravenous Injection.— A calf, three

months old, was inoculated into the jugular vein with 2 c.c. of an

emulsion made from the lung of a child with acute miliary tuber-

culosis. It was killed on the twentv-ninth dav. The lesions were

confined to the chest, the bronchial and mediastinal ganglia show-

ing the most marked dhanges. In the lung, on section, there were

found well-marked gray granulations accumulated in the interior or

around the small bronchi, which they sometimes occluded entirely.

Thi^ was well seen with the naked 3ve, but was better demonstrated

in microscopical sections.
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Thiid Series.

—

Infection hy Siibcutaneous Inoculation.—Seven ani-

Dials were inoculated. For three animals the material used was ob-

tained from funf:;us masses from the joints in cases of white swelling;

for three others from acute miliary tuberculoe^is, and in one from the

lung of a horse wlliich had developed a marked pulmonary tuberculo-

sis due to the intravenous injection of material from the lung of a

man. In all cases a tumor developed at the point of inoculation,

which Chauveau diescribes as being a tuberculous tumor altogether

typical. The neighboring glands showed always more or less in-

volvement, but in no cases was there any general infection.

I have quoted these experiments at some length for the reason

that they seem often to be overlooked, and for the further reason

that they have recently been directly misquoted. Indeed, Koch him-

self said in his address before the British Congress on Tuberculosis,

"If one studies the older literature of the subject, and collects the

reports of the numerous experiments that were made in former times

by Chauveau, Gunther and Harms, Bollinger, and others, wftio fed

calves, swine, and goats with tubercular material, one finds that the

animals that were fed with the milk and pieces of the lungs of tuber-

cular cattle always fell ill of tuberculosis, whereas those that re-

ceived human material with their food did not."

Bollinger, in 1879, inoculated a young calf in the peritoneal cavity

with material from a human lung. When killed after seven months

the mesentery and peritoneal covering of the spleen presented a num-

ber of tumors from the size of a pea to that of a walnut, and which

microscopically were identical with those found in pearl disease

under natural conditions. The retroperitoneal and mesenteric glands

were tuberculous also.

Klebs caused a tuberculosis of the peritoneum identical with that

which is seen under natural conditions by the intraperitoneal injec-

tion of human tubercular material. Kitt, also, is quoted by Pro-

fessor Johne as Qiaving had a similar result accompanied with gen-

eralized lesions following the intraperitoneal injection of the juice

from a scrofulous gland taken from the neck of a man.
Crookshank injected tuberculous sputum into the peritoneal cav-

ity of a calf, causing death on the forty-second day. The autopsy re-

vealed extensive disease. "Extending over the mesentery from the

point (inoculation) there were hundredis> of wart-like, fleshy new-

growths, some quite irregular in form, others spherical or button-

shaped. There were similar deposits on the under surface of the

liver, on the spleen, in the gastrosplenic omentum, and on the peri-

toneal surface of the diaphragm. On microscopic examination ex-

tremely minute tubercles were found disseminated throughout the

lungs and liver. Tubercle bacilli were found in these organs and'

in the peritoneal deposits,"



No. 6. DEPARTMENT OF AGRICULTURE. Ill

Sydney Maitin ftnl hiuiian tuberculosis spiitiuii to six calves.

Four of these received each 70 c.c. mixed with rlieir food at one meal.

They were killed after 3?., 03, 8.1. and 28.5 days. The first three

showed respectively 53, 63 and 13 tubercular nodulesiu the intestine,

while the fourth was entirely free. The two other calves were given

440 c.c. of sputum at one feeding. One was killed after fifty-six days,

and showed tuberculosis of the intestine and mesenteric gland. The
other was allowed to live 1.3S days, and was free from disease when
killed.

At the recent Congress on Tuberculosis. Prof. Thomassen. of

Utrecht, reported the following experiment: A calf four weeks old

was inoculated in the anterior chamber of the eye with a pure cul-

ture of the tubercle bacillus isolated from a ease of tuberculous

arthritis in man. An intense keratitis was s^t np. the cornea becom-

ing so opaque tliat it was impossible to observe the alterations in

the iris. It was killed after six weeks, and was found to be the

victim of a pretty well generalized tuberculosic?. Both lungs con-

tained numerous miliary tubercles and some gray fibrous tubercles

of larger size. The path of infection from the eye to the lung was
mapped out by the condition of the subparotideal, cervical, medias-

tinal, and bronchial lymph glands of the same side.

Xocard states that by inocnlation into the aiadinoid cavity of

a small amount of liuman nilirrcle bacilli a rajiidly fatal tubercular

meningitis is set up identical with that seen in children. A calf, five

months old was thus inoculated by him on August 2. 1001. and died

OR the 28th of the same month, the pia mater being infiltrated with

tubercles wihich proved virulent for guinea pigs.

On the same day Xocard injected into the jugular of a cow which
had become much reduced by chronic diarrhea, but which was free

from tuberculosis as shown by the tuberculin test. T c.c. of a suspen-

sion of hnnian bar-illi. She died September Irli. and showed a num-
ber of small foci, softened or caseous and extremely rich in tubercle

bacilli. He considers that in this case tihe animal was so weakened
by the pre-existing diarrhea that its normal resistance was largely

destroyed.

De Jong as the result of a series of comparative inoculations of

human and bovine tubercle bacilli, states that seven cattle, namely,

two calves six months old. three steers two years old and one eigh-

teen months, and one calf seven or eight months old. all became
tuberculous by the injection of pure cultures of the human tubercle

bacillus. In only one of the seven was the disease grave and wide-

spread; in four the lesions were retrogressive, and in the two remain-

ing ones progressive.

Arloing reports the following recent experiments: Three cultures

of human origin were used, one of which had been under cultivation
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since ]89(;. WUh this ciilLuii' a lu-ifer, two years old, and a younj;

calf were inoculated intravenously. The calf was killed after thirty-

two days, and showed a typical eruption of minute tubercles all

through both lungs, but especially marked in the anterior lobes.

The heifer was kept for one hundred and twenty days, and was only

sligflitly diseased, the lungs and" pleurae being involved. With the

second culture, obtained from a case of pleurisy, a calf two and one-

half months old was inoculated intravenously. Death ensued after

seventeen days. The lungs alone were involved, showing many
young nodules. The third culture was isolated from a case of pleu-

ropericarditis, with involvement of the lungs, and wdth this a young

bull convalescent from aphthous fever was inoculatedi intravenously,

death resulting in thirty-two days. The thoracic cavity was prin-

cipally involved, the anterior and middle lobes containing nodules

througlhout, and some lobules of the posterior lobes al»o. The

bronchial and esophageal glands were tremendously enlarged, weigh-

ing thirty-five kilograms.

It may be objected to many of these experiments that the tubercu-

losis resulting from, the inoculation did not cause death nor even

serious illnese, and it is probable that some of the animals would

have recovered entirely if allowed to live. Admitting freely the

truth of this, it may be pointed out that under natural conditions

many cattle infected with bovine tuberculosis will remain for years

apparently in perfect healtih, so much so that detection of the disease

is possible only by means» of tuberculin. So, also, in man, many
cases of tuberculosis run a benign course, or remain stationary for

years, while not a few end in recovery. Yet in man and in animals

these benign cases may take on an acute form and end in rapid death,

owing to some intercurrent affection which lower® resistance or per-

mits the engrafting of a secondary infection. No one would hold

that because of the benign course of the disease in the first instance

that true tuberculosis did not exist.

Transmission of Tul)ercnlosis to Cattle from Phthisical Attendants.

—There are on record a few instances of cattle becoming infected

with tuberculosis through tihe sputum of phthisical attendants. In

several of these the evidence is so clear as to leave no doubt that cat-

tle art at times infected in this manner. Such instances have been

reported by Cozette, Clique, Huon, director of the vacine lab-

oratory at Marseilles, and Bong. I*i most of these cases the sputum
was introduced into the digestive tract with the forage, as well as

inhaled in the dry state, but in Huon's animal the infection seems
to have been entirely tihrough inhalation.

Experiments at the Laboratory of the State Live StocJc Sanitary

Board.—1 come now to speak of the work done at the laboratory of

the State Live Stock Sanitary Board, the results of which you see
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illustrated in the specimens presented here for your inspection and

study. I cannot but feel that these specimens possess an unusual

interest and importance in the solution of a problem which is now
engaging- the attention of scientific men throughout tihe world, and

which has been made the subject of special investigation by the gov-

ernments of many countries. Our first successful attempt to infect

cattle with human tuberculosis was made in 1898, when four calves

of nearly the same age, four to five weeks old, received intraperi-

toneally 10 c.c. of human tuberculous sputum, from different sources,

but in all cases containing a large number of bacilli. One showed

no ill effects except a ©light rise in temperature, and the autopsy

was entirely negative.

Of the other three, two (had persistent high temperature following

the injection, but only one showed marked illness otherwise. Post-

mortem examination proved that all had become infected with tuber-

culosis, the lesions in two being quite extensive. I will give here the

details of onlj^ the one which showed marked illness during life.

Ihe lesions were so extensive and typical that even the most skepti-

cal must admit tihe success of the experiment, and I have here some
of the organs for inspection.

Calf No. 8050, aged four weeks, wasi inoculated on May 16, 1898,

with sputum from an early case of pulmonary tuberculosis at the

University Hospital. The sputum contained a large number of tu-

bercle bacilli. Soon after the operation the temperature of the calf

rose and continued high, with some remissions, until it was killed.

Its appearance was bad, the coat dry and rough, the respiration

rapid. It was tested with tuberculin, but the temperature was too

high for results. It was killed on August 1st, weighing 190 pounds.

On the surafce of botlh lungs there was a slight deposit of fibrin, and

on section a number of hemorrhagic areas were observed in both.

The mediastinal and bronchial glands were enlarged and congested.

The abdominal cavity contained about 12 ounces of bloody serum.

The peritoneum was thickly studded over its entire surface with

nodules from 1 mm. to 12 mm. in diameter, fibrous in character. In

many places these nodules had massed together, forming tumors,

some 5 cm. in diameter, which were dense and fibrous. The spleen

contained many nodules, both on its surface and througihout its sub-

stance. The whole omentum was thickly studded with nodules from

2 mm. to 12 mm. in diameter, and besides which there were three

large masses, dense and fibrous in character, two of which were 15

cm. long by 7 cm. wide, and 12 mm. thick; and the third 7 cm. long

by 6 cm. wide, by 4 cm. thick. The abdominal surface of the dia-

piiragm was thickly studded with nodules, fibrous in character. The

8—6—1902
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niesenti'i'y wa» thickened and contained many nodules of small size.

The appearance was that of a typical case of giape or pearl disease,

1'he mesenteric and mediastinal glands were enlarged and somewhat

caseous.

For several years past we have eudeavoied to obtain material from

cases of tuberculosis in children in which there was evidence of in-

fection through the alimentary tract, reasoning that if children con-

tracted tuberculosis through the ingestion of milk from diseased cat-

tle we would be most apt to find bacilli of the bovine type in tlhese

intestinal or mesenteric lesions. So far only three such casetj have

come to us, all through the kindly interest of Dr. Alfred Hand, and

in only one of these was the evidence of primary intestinal infection

clear. We have isolated from the mesenteric gland of this child, the

immediate cause of who&e death was tubercular meningitis, a culture

which has for cattle tihe most intense pathogenic power. Two calves

inoculated into the jugular vein and peritoneal cavity died in nine-

teen and twenty-seven days respectively; and a grown cow was in-

oculated both in the jugular vein and peritoneal cavity died in eigh-

teen days. All of these animals exhibited marked symptoms from

the day of inoculation. Examination of the lesioni?, both macro-

people and microscopic, leaves no doubt that the animals succumbed

to a pure tuberculosis. The details of these cases are as follows:

History of Culture.—Designated BB. Obtained from a child sev-

enteen months old. Death was due to tubercular meningitis. Au-

topsy: Lungs normal, except posterior part of the right upper lobe,

which was consolidated, red on section, and had excess of connec-

tive tissue. Bronchial and mediastinal glands not enlarged.

Spleen, liver and kidneys show pearly tubecles. Two feet from lower

end of ileum is an ulcer 1 cm. by 2 cm., the long diameter transverse

io axis or gut. Nodules are seen on peritoneal surface. Four small

ulcers, two above and two below, are found in ileum, Mesenteric

glands enlarged, cheesy, and some purulent. Meninges show yel-

low tubercles most marked along longitudinal fissure, in choride

plexus and over cerebellum. TQie mesenteric glands were used in

obtaining the culture.

This case is considered by Dr. Hand the clearest one of primary

intevstinal tuberculosis ever seen by him.

Guinea-pigs were inoculated intraperitoneally with an emulsion

made from the mesenteric glands on March 9, 1901. One was chloro-

formed on April 19th, and cultures made. Scant^^ growtlli on one

tube was found on June 8th, and subcultures made.

Calf No. 26596, weight i;i2 pounds. Tested with tuberculin, but

gave no reaction. On December 4, 1901, 5 c.c. of a suspension of the

.fifth and sixth generation of culture BB were injected into the right



No. 6. DEPARTMENT OF AGRICULTURE. 115

jugular vein. On the next day the temperature had risen to 108.2 F.

After a slijj;ht remisssion it rose to 103 degrees P. on the seventh day

after inoculation, and continued to rise each day, reaching 10(5.4 de-

grees F. by the fourteenth day, after wlhich it fell slightly until death

which took place on December 21st, seventeen days after inoculation.

The animal showed marked illness during life, the respiration reach-

ing 08 per minute.

Autopsy.— The lungs and the related glands showed macroscopi-

eally the most marked disease. Both lungs were thickly studded

throughout, with remarkable uniformity, with miliary nodules giv-

ing a sandy feel under the linger. Tlie left was pneumonic, owing to

the position of the calf for some time before death. Portions of the

right were in a similar condition, sinking when placed in water.

The bronchial and mediastinal glands were much enlarged and soft,

and in the former small areas of caseation were found.

The liver was large, soft, and friable. Several nodules were visi-

ble on the surface, though not perceptible to the touch. The spleen

showed very sligdit changes. The kidneys were normal.

Calf No. 265D7, weight 202 pounds. Tested with tuberculin, and

gave no reaction. On December 4, 1901, 5 c.c. of a suspension of

Culture BB of the fifth and Sixth generations were injected into the

peritoneal cavity. The temperature rose to 105.2 degrees F. by the

eighth day after injection, remaining very nearly the same until four

days before death, when it began to fall, and reached 103 degrees F.

on the diay before death, which took place on December 31st, or

twenty-seven days from the time of inoculation.

Autopsy.— Great emaciation. Loss in. weight thirty-seven pounds.

The lungs were largely involved, though not uniformly. The cen-

tral and posterior portions showed many areas deep red in color and

solid to the feel. These were thickly studded throughout with min-

ute grayish nodules.

The suprasternal lymph glands were as large as goose eggs, and

contained cheesy areas. The mediastinal glands were much en-

larged, one being six inches in length by two inches in diameter.

The peritoneal cavity contained about six quarts of straw-colored

fluid. The peritoneum was everywhere enormously thickened, and

practically converted into a tuberculous mass. In several places

it was one-half an inch thick and fibrous. The omentum was also

enormously thickened and bound over the surface of the liver. It

contained a great number of nodules, dense and fibrous, many with

caseous centers. The liver was firmly adherent to the diaphragm,

and on section showed many nodules. The spleen was firmly at-

tached to the surrounding parts by a mass of partly organized fibrin,

which contained many cheesy nodules. On section it appeared to be

normal.
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Cow No. 45030, about three years old, and weighing GGO poimdis.

On January 22, 11)02, 2^ c.c. of a suspension of Culture BB of the

seventh and eighth generations were injected into the rigiht jugular

vein, and the eanie amount into the peritoneal cavity. The tempera-

ture rose to 108.2 degrees F. on the second day, then fell slightly

during the next six days, after which it rose steadily, reaching the

maxiinum, 107 degrees F., three days before death, after which it fell

sligiJitly, the animal dying seventeen days after inoculation. The

lungs were mostly involved, both being thickly studded throughout

with miliary nodules. Most of the left lung showed interlobular

emphysema, while the inferior portion was much congested. On
the omentum were numerous dark red spots which could be felt be-

tween the fingers. The spleen was adherent to the diaphragm, and

ttliere were many punctate hemorrhages on the surface. The liver

and kidneys showed no gross changes.

What interpretation w to be given to these remarkable results?

One of two propositions must be admitted: either we have found a

human tubercle bacillus having a pathogenic power for cattle quite

as great as any bovine germ, or else we have found in the mesienteric

gland of a child the bovine tubercle bacillus. If we accept the law

of diagnosis laid down by Koch, namely, the inoculation test, the

latter is the true explanation. I, myself, am strongly of the opinion

that this latter is the case for the following reasons:

1. The history of the case as given by Dr. Hand of primary intes-

tinal infection.

2. Morphologically and culturally the organism corresponds more

nearly to the bovine type as first defined by Dr. Theobald Smith, and

later by ourselves, than the human.
3. The great pathogenic power for cattle,

A second culture obtained from the mesenteric glands of a child

has ehown a virulence far in excess of that usually found in human
cultures, tihrough it falls short of Culture BB in pathogenic power.

This culture, designated U, was isolated in December, 1900, and

tested for guinea-pigs and rabbits. The results, together with its

manner of giowing and microscopic appearance, lead us to consider

it a typical human culture. During the summer of 11)01 it was se-

lected for some feeding experiments on puppies, and showed a de-

gree of virulence that was not expected. In December last, wishing

to produce a slow tuberculosis in a dog, this culture was again em-

ployed. The dog grew ill rapidil^', and died in January, thirty-six

days from the time of inoculation. Post-mortem examination re-

vealed a typical and extensive tuberculosis and it was decided to

inoculate a calf in order to test its virulence for the bovine race. On
March 4, 1902, Calf No. A 4.5046, weighing 74 pounds, was inoculated

in the jugular vein with 6 c.c. of a suspension of Culture U, of the
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twelftih generation, from glycerinagar, the suspension being equal

in opacity to a twenty-fonr-hour-old culture of the typhoid bacillus in

bouillon. The animal soon showed signs of illness, the breathing

became rapid and labored, reaching 54 per minute. Extreme weak-

ness and depression came on, and it passed much of the time lying

down. On April 19, 1902, it was killed, death seeming imminent.

Autopsy.— Weight 82 pounds. Condition fair. The anterior

lobes of both lungs were thickly studded with minute nodulee, aver-

aging 1 mm. in diameter. Blocks from these lobes sank in water

immediately. Both lungs were diense and solid to the feel through-

out. The posterior lobes were air-bearing for the most part, but

contained many solidified areas, which could be seen on the surface

as well as on section.

The bronchial and mediastinal glands were enlarged and wet.

Scrapings from cut surfaces show an enormous number of tubercle

bacilli. In the mediastinal glands many yellowish nodules were

seen. The pleurae were normal. The liver was enlarged and firm

to the touch. No distinct nodules could be seen by the naked eye,

but throughout tllie substance yellowish areas were found in large

numbers. The surface appeared marbled.

Tlie spleen was enlarged and very firm, but no nodules could be de-

tected. The kidneys showed numerous whitish areas on the surface,

which were found to extend quite deeply into the cortex. On sec-

tion many yellowish nodules w^ere seen. The tissues of the kidneys

were much stained with bile, and the pelvis contained a gelatinous

o*^ viscous material showing tihe same pigment. The peritoneum was

normal.

Microscopic Exmniyiation.—The solidified portions of the lungs

contained large areas which are not air-bearing, the alveoli being

completely filled with leukocytes and epithelium, or epitheloid cells.

The small bronchi are filled by an exudate made up largely of leuko-

cytes. The central portions of the nodules stain poorly, and frag-

mentation of the nuclei of the cells is seen, but no distinct caseation

can be found. In sections stained with carbol-fuchsin innumerable

tubercle bacilli are seen. In other parts of the lungs which are still

largely air-bearing, minute nodules are found in large numbers hav-

ing the same general characterists as those just described. Through-

out the sections many tubercle bacilli are seen, and in the nodules

they are in clusters. In the liver no typical tubercles are found,

but there are many minuate nodules made up of round cells, and on

the borders of these a considerable number of giant cells with peri-

pheral nuclei occur. Sections stained with carbol-fuchsin sihow

large numbers of tubercle bacilli clustered in these areas.

The spleen show^s round-cell infiltration, giant cells, and many

tubercle bacilli.
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The wl)itt' areas in the kidney described above show a round-cell

infiltration and large numbers of tubercle bacilli. The bronchial

gland« show areas of beginning caseation, a few giant cells, and in-

numerable tubercle bacilli.

This calf showed a well-marked tuberculosis, proving that the cul-

ture with which it was inoculated had a degree of virulence above

that usuall}- found in cultures of human origin. Our experience with

this culture leads us to believe that the usual method of employ-

ing only guinea-pigs and rabbits in testing the virulence of the tu-

bercle bacillus does not always give entirely conclusive results. Un-

fortunately, the expense attending the use of larger animals hinders

th<Mr more general employment.

History of Culture U.—Obtained from a child, aged three years,

whose death was due to tubercular meningitis. Autopsy: Lungs and

bronchial lymphatic glands full of miliary tubercles. Anterior

mediastinal gland.'^ much enlarged. Spleen extensively involved,

liver less so. On the abdominal surface of the diaphragm were a

number of flat, yellow nodules. Mesenteric glands enlarged, and

contained old, yellow, cheesy nodules. One small tubercle found in

the right suprarenal. Purulent and cheesy nodules found in meninges

and encephalon. The cultures were obtained from the mesenteric

glands.

The pathologist. Dr. Hand, was unable to decide with certainty

as to the origin of this case.

Increase of Yirulence hy Siiccessive Passage tlirongli Calves.—
In another experiment instituted by Dr. Leonard Pearson we have

proved that a typical tuberculosis can be produced in young cattle

by large and repeated doses of a human culture of moderate viru-

lence; and what is even more interesting and important, by succes-

sive passages through calves we have succeeded in bringing about a

marked increase in the virulence of this culture. The culture em-

ployed was isolated from human sputum in September, 1899, and is

designated "M." The animals were inoculated at intervals of a

week, the amount of culture being divided into four equal portions,

which were injected into the jugular vein, the lung, the peritoneal

cavity, and under the skin. Each week the dose was increased by

10 c.c.

Two calves were infected in this manner, Nos. 26.562 and 26563.

With the tissues of No. 26562 the serial inoculations were begun, the

details of which, with the postmortem examination of the animals,

is given below. The result is shown in the following table:
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Amount of Length of

No. Injection life.

1. Calf 26562 925 c.c. 106 days
2. Calf A45020 16 c.c. 48 days
3. Calf AJ5035 13 c.c. 23 days
4. Calf A35047 10 c.c. 24 daya
5. Calf A45073, 14 c.c. ai daya

Calf No. 26502, weight 210 j)oimds. The lirst inoculation vva« mad«.'

on September (>, 1001, and thereafter at intervals of a week, until

December KUh. Each time tilie total amount was divided into four

equal parts and Injected subcutaneously, intraperitoneally, into the

lung, and into the jugular vein. The commencing dose was 10 c.c.

of an emulsion ecjnal in opacity to a twenty-four-hour-old bouiUon

culture of the tyi)hoid bacillus, the total amount given being 925 c.c.

The temperature rose after each injection, and remained high for

two days, then fell gradually, though normal was never reached.

About five weeks after the first injection the calf began to cougih.

This cough grew steadily wor^e until death, being most marked on

the day following each injection. Respiration grew labored, and

the animal lost flesh. By December 15th it was markedly ill. Death

took place during the night of December 21st.

Autopsy.— Considerable emaciation. The lungs were hard and
firm to the touch. The various sites of inoculation could not be de-

tected, and there were no abscess cavities nor seal's. Tllie lungs were

dense throughout and heavy, through sections floated in water. The
bronchi, especially the smaller ones, were filled with a tenacious

mucus, in which many tubercle bacilli were found. An emulsion

made from one of them showed many tubercle bacilli. The medias-

tinal glands w^ere large and soggy, but no nodules could be found.

The bronchial glands were enlarged, and a few caseous points were

found. An emulsion made, from one of them showed many tubercle

bacilli. Tihe mediastinal glands were large and soggy, but no

nodules could be found. The liver was attached to its capsule at

points which were the sites of flat, yellowish nodailes, from 2 mm. to

5 mm. in diameter. On section tuberculous areas of considerable

extent were for.nd, reaching from the surface to a depth of 3 cm.

TTie spleen was much enlarged and very soft. On the surface were

a number of flat fibrous new-growths. The kidnevs showed no

changes. The omentum was much discolored, having a dirty, brown-

islli appearance, and in parts much thickened. It contained upward
of 100 nodules of 2 mm. to 6 mm. in diameter, some gray, some white,

and some hemorrhagic. Some had the appearance of beginning

"grape'' formation. The mesentery presented the same appearance.

Its glands were enlarged and wet, but no cheesy nodules could be

found. On the parietaJ peritoneum were a large number of pearly
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nodules, 2 mm. in diameter, and a few sessile new-growths, some of

which wen hemorrhagic, and had fringes of fibrin hanging from

them. Microscopic examination of the tissues showed tihe spleen

and kidneys to be free of tubercles. In the lungs the greater part

of both is made up of conglomerated tubercles which show very little

central caseation. The alveoli are completely filled with desqua-

mated epithelium, leukocytes, and epitheliod cells. There is a

marked bronchitis.

Calf No. 26503, weight 1G5 pounds. The first inoculation was

made on September n, 1901, and thereafter weekly until December

16, 1901, when an interval of nineteen days was allowed to elapse,

the inoculations being resumed on January 4, 1902. The method of

inoculation was the same as for Calf No. 26562. Death took place

January 22, 1902, the total amount of the suspension of the culture

given being 1400 c.c. The condition of the animal following the in-

jections correspond closely with Calf No. 26562, its survival being

somewhat more prolonged.

Autopsy.—Weight 186 pounds. Considerable emaciation. The
lungs were firm and non-elastic to the touch. TTie points of inocu-

lation could not be detected either in the pleurae or in the lungs, ex-

cept at one point, where a small pus cavity, 1 cm., was found near

tihe surface of the right lung, the pus containing many tubercle

bacilli. No district nodules could be found in either lung, but both

were much increai&ed in solidity throughout through sections would

float in water. The bronchi were filled with a tenacious mucus. The

pleurae were roughened by bands of fibrin, which extended to the

lung, attaching the inferior borders especially to the dhest-wall.

The bronchial and mediastinal glands were much enlarged, and the

latter contained many caseous nodules. In the abdominal cavity

all the organs were attached to the peritoneum and to each other by

bands of fibrin. The liver was firmly adherent to the diaphragm.

Over the surface were fifty to sixty \Mhitish, flat nodules, 5 mm. to 100

mm. in diameter some of them extending deeply into the substance

of the organ. On section caseous areas were seen.

The spleen and kidneys showed slight changes only. The parietal

peritoneum was rough at many points and had fringes of fibrin at-

tached to it. Scattered over it were a large number of gray nodules,

2 mm. to 5 mm. in diameter.

Microscopic examination showed no well-defined tubercles in the

spleen and kidneys. The liver showed many areas of necrosis. In

the lungs were masses of conglomerated nodules, most of whicih did

not show marked central caseation. Numerous giant cells were

found. The alveoli are filled with desquamated epithelium, leuko-

cytes, and epithelioid cells. There is a marked bronchitis.
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Calf No. 4.5020, six months old. On December 23, 1901, 8 c.c. of

an emulsion made from the bronchial gland of Calf No. 20562 were

injected into the left lung, and the same amount into the peritoneal

cavity. The emulsion showed many tubercle bacilli. I5y January

15, 1!)02, the calf was markedly ill, and breathing was increased in

rapidity. Those symptoms increased steadily, the temperature rang-

ing from 101 degrees F. to 105.5 degrees F. About February 1st the

temperature began to fall, and at the time of death, February 9th,

was subnormal.

Autopsy.— Much emaciated. Both lungs were a dark red, and

were thickly ©own throughout with miliary nodules. The left lung

was adherent to the chest-wall over a large part of its surface. On
separating it many tubercular new-growths were seen, between

wihich the pleura was smooth. At the point of inoculation was an.

abscess cavity 4 cm. in diameter. The pus contained many tubercle

bacilli and staphjiococci. On the lung over the abscess, and bind-

ing it liiihtlv to the che^j^t-wall, was a laver of fibrin, of cream-white

color. Along the backbone was a chain of enormously enlarged

glands fitting into the spaces between the ribs, and extending from

the first rib to the diaphragm. These were filled with caseous areas.

The mediastinal glands were enlarged and showed many caseous

areas. Most striking was the condition of the omentum, which had

been converted into a mass of tubercular new-growth, made up of

conglomorate nodules. It varies in thickness from 1 cm. to 3 cm.

The nodules are grayish-yellow, fibrous, and show central caseation.

The liver sl-ows numerous yellowish nodlues, both on the surface and

on section.

The spleen has on its surface a number of flat, fibrous news-

growths, but no nodules are seen on section.

The kidneys are normal in appearance, but a few nodules appear

on section.

Microscopic examirkation shows the lungs to be thickly sown

with minute tubercles. Sections stained with carbol-fuchsin show

innumerable tubercle bacilli clustered mainly in these nodules.

The liver contains manv necrotic areas in which ma«v tubercle

bacilli are found. The spleen contains a considerable number of

necrotic areas. The flat new-growths are tuberculosis. The kid-

neys show only a few tubercles, which contain innumerable tubercle

bacilli.

Cfilf No. 45035, aged nine weeks, weight 130 pounds. February

11, 1902, inoculated into its right lung and peritoneal cavity with an

emulsion made from <he omentum of Calf No. 45020, 5 c. c. being in-

jected into the lung, and 8 c. c. into the peritoneal cavity. The tem-

perature rose on the day after the inoculation, and reached 107 de-

9
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^rec-8 F. oo the third day, after which it fell, and ranged from 104 de-

ifiecg F. to 106 degrees F. until a few days before death, when it fell

slightly, going as low as 101.4 degrees F. on the day of death. Breath-

ing had become labored ten days before death, and the appetite failed

a week before death, which took place March 6.

Autopsy.— Weight. 97 pounds. Condition, fair. The right lung

adherent to chest-wall throughout. When separated a layer of

tibrin containing many tubercular masses of new-growth is seen.

At the poiot of inoculation is an abscess cavity 4 cm. in diameter, the

pus containing many tubercle bacilli and a gas-forming bacillus of

the colon group. Both lungs were filled with a multitude of minute

nodules, and some areas showed extensive caseation. The medias-

tinal and bronchial glands v.ere very much enlarged and caseous.

The liver, spleen, aod kidneys were normal in appearance.

The omentum contained a very large number of discolored, red-

dish areas, which were thickened, hard, and of sandy feeling.

Microscopic Examination.—The lungs are studded with minute

tubercles. The liver contains many small areas of necrosis. The

&pleen shows a number of areas of commencing necrosis. The kid-

neys are normal.

Calf Xo. 45047, aged six weeks, weight 72 pounds. Inoculated

March 7, 1902, with an emulsion made from the lung and bronchial

gland of Calf Xo. 45035, 5 c. c. being injected into the right lung,

and 5 c. c. into the peritoneal cavity. The temperature rose to 104.8

degrees F. to 106 degrees F. for ten days, then fell slightly until

death took place, on April 1, 1902.

Autopsy.— Weight. 65 pounds. Considerable emaciation. Both
lungs are studded throughout with miliary nodules. The right lung

is firmly attached to the chest-wall for its entire surface, and at the

point of inoculation is an abscess 4 cm. in diameter, which contains

a milky fluid pus in which are curdy masses. The pus contains many
tubercle bacilli and other bacteria, but no streptococci. The left

lung is attached to the chest-wall for a third of its surface. Over
the unattached surface is a layer of fibrin, 1 mm. in thickness. The
chest-wall corresponding to this fibrin is thickly studded witli

minute gray nodules. The pericardium is attached to the lung. The
heart shows numerous yellowish tubercles scattered over the ven-

tricles, as well as the auricles, and especially numerous on the au-

ricular appendage. They are seated in the visceral layer of the

pericardium.

The bronchial and mediastinal glands are enlarged and soggy,

but no nodules can be found.

The omentum contains innumerable minute pearly nodules, and
many red. fleshy, highly vascular new-growths.
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The mesentery of the large as well as small intestine contains in-

numerable pearly nodules. The mesenteric glands are normal in

size and appearance. Along the abdominal aorta and brim of the

pelvis are twelve to fifteen glands from 5 mm. to 15 mm, in diameter,

vellow in color, but nooe caseous.

The liver is adherent to the diaphragm. On the surface, as well

as on section, many yellowish nodules can be seen.

The spleen is thicker than normal and very firm. On the surface

a few fibrous new-growths are seen.

The kidneys appear normal, but each has a layer of the peritoneum

attached to it, which contains innumerable gray nodules, averaging

1 mm. in diameter.

Microscopic Examination.—Lung not examined. The liver con-

tained many minute areas of necrosis. The kidneys contain a con-

siderable number of minute tubercles, with central necrosis, situated

for the most part immediately under the capsule.

Another animal was inoculated in the same manner with the

tissues of this calf, which is still living.* Guinea-pigs have also

been inoculated in order to recover a pure culture, so that any

changes that have taken place may be studied. We feel, however,

that we have demonstrated a great increase in virulence in this cul-

ture, obtained from sputum, by the several passages through calves.

Our own experiments, as well as those quoted from others, demon-

strate that Koch's statement that human tuberculosis cannot be

transmitted to cattle is erroneous and untenable.

II. In the second proposition Professor Koch calls in question the

possibility of the transmission of tuberculosis from cattle to man,

and holds that if such transmission ever does take place it is a very

rare occurrence, so rare, indeed, as to render superfluous any meas-

ures of precaution against it.

In the solution of the problems here involved we are of necessity

deprived of experimental data, so must gather evidence from every

possible source, collate and weigh it carefully, in order to draw fair

conclusions.

In the first place, we niay well ask if tuberculosis in cattle is

marked by any specific features which diff'erentiate it from tuber-

culosis in man, and which would make it improbable that the two

were intercommunicable. I will not attempt here to go into a dis-

cussion of all the forms of bovine tuberculosis or to compare it-

minutely with the disease in man. The chief differences are: (1)

The marked tendency to calcification rather than the caseation seen

in man; (2j the formation of extensive new-growths in the serous

membranes, such as the pleurae and peritooeum.

•This calf, No. A45073, died three days after the reading of the paper, or twenty-four
days after inoculation. There was typical and extensive tuberculosis.
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These growths assume wart-like, or cauliflower, or grape-like

shapes, from which the names "perlsucht,'- "pearly disease," "pom-

meliere," atid "grape disease," as applied to bovine tuberculosis,

aie derived.

In cattle, as iu man, the lungs are the chief seat of the disease.

In about half of all cases the lungs and serous membranes are simul-

tancoiis'Iy affected; the lungs alone in about one-third, and the serous

membrane alooe in about one-fifth.

'Since 1863 Virchow has insisted that the two tuberculosis were

distinct, an attitude reaffirmed by him in his latest publication, his

chief point being that we cannot call anything tuberculosis which

does not show the true histologic tubercle, whether or not the tis-

sues contain tubercle bacilli and show changes due entirely to them.

Although insisting so strongly on this distinction, which is not

held by all pathologists, Virchow does not accept Koch's conclu-

sions, and says that in the postmortem examinations at the Charity

several cases have been found showing an unusual peritoneal tuber-

culosis, with enormous growths, such as are seldom seen in man.

These cases he regards as being possibly of bovine origin through

food.

The histologic identity of human tuberculosis and pearl disease

was first demonstrated by Schiippel and his work has been sup-

plemented by Baumgarten, who has observed characteristic case-

ation such as occurs in the human tubercle, take place in the nodules

of pearl disease, ''in a typical form and with like regularity." The
process is often obscured by rapid calcareous changes which, he

justly remarks, are terminal, and have nothing to do with the actual

disease, and which, furthermore, are often seen in human tuber-

culosis. On the other hand, it has repeatedly been shown that

typical miliary tuberculosis can be produced in cattle by the bovine

bacillus, and as seen in the specimens before you the same result

may be brought about at times by the human bacillus. In fact, ex-

perimental tuberculosis in cattle induced by inoculation with the

bovine tubercle bacillus is usually of the miliary type, and only ex-

ceptionally assumes the form considered typical of the natural bo-

vine disease. In this connection Hueppe very aptly calls attention

to the fact that Koch in his experiments with the bacilli of bovine

tuberculosis produced in cattle "only tuberculosis, but not the tuber-

culosis of the pleura peculiar to the ox—the so-called perlsucht; his

experiments, therefore, in the sense of his special interpretation,

did not even prove that bovine tuberculosis affects the ox." It has
further been show^n by Troje, and by Dr. Theobald Smith, that pearl

disease may be produced in rabbits by the human tubercle bacillus.

Troje has observed one case of pearly disease affecting the pleura

in man.
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The ditiereuces noted between tuberculosis ot man and tubercu-

losis of cattle are scarcely greater than those noted between the

latter and tubrculosis of swine, jet nothing is easier than to infect

swiue with the milk or other products of tuberculous cattle. The

infection here is bv natural methods, and in fact is most ofteu noted

where nothing was further from the wishes or intentions of the un-

conscious experimenter. The origin of the infection is unquestion-

ably bovine, yet the disease produced differs markedly, but not es-

sentially, from that seen in cattle. The evidence then leads us to

conclude that such differences as are commonly seen between human
and bovine tuberculosis are iu no sense essential.

Bacteriologic Evidence. Morphology and Cultural Characteristics

of Human and Bavine Tubercle Bacilli.—That there were certain

differences to be observed in cultures of the tubercle bacillus isolated

from man and from cattle was shown by Dr. Theobald Smith in 181)6,

who conrirmed his first observations in 18JJ8, his human cultures being

almost always obtained from sputum. A study similar to Dr. Smith's

has been carried on at the laboratory of the State Live Stock Sanitary

Board of Pennsylvania for several years, the material for the cul-

tures being obtained from divers sources. With one exception, which

was isolated from sputum, all the human cultures have been ob-

tained from internal organs, especially the lungs and mesenteric

glands. Two of the bovine cultures have been found in milk, the

others coming from internal organs or glands. The result of our ob-

servations, which have agreed closely with those of Dr. Smith, is as

follows: The morphology of the bacilli in cultures of bovine origin

is more unifoiin and constant than in cultures from man. The bovine

bacilli are thick, straight, and short, seldom more than two inches in

length, and averaging less. In the early generations many indivi-

duals are seen which are oval, their length not more than double

their breadth. They stain evenly and deeply with carbol-fuchsin,

beading being almost always absent from young cultures and often

from old ones.

The human bacilli are, as a rule, much longer from the start, and

tend to increase in length at once in sub-cultures. They are gen-

erally more or less curved, some cultures showing S-shaped forms.

They stain less intensely with carbol-fuchsin, and beading is gen-

erally seen, even in earl}- growths.

The above characteristics are most marked and most persistent

in cultures grown on blood-serum. On glycerin agar, glycerin bouil-

lon, and glycerin potato the bacilli from the two sources approach

each other in cultural features and morphology much more closely,

and by continued cultivation the dilfere-nces tend to become obliter-

ated. Bovine cultures are more dilficult to isolate than human, are

apt to grow as discrete colonies in the first culture, and for several
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•jeuerations are likely to grow iii au exceediugly thin layer which

resembles ground glass closely. The optiiauiu temperaUire as well

as the thermal death point are praclicalJy the same.

The human bacillus, as a rule, grows more easily aiid abundantly

Irom the first, and will grow well on glycerin agar in sub-cultures

made directly Irom the original growth on blood-serum. All at-

tempts to obtain a like result with the bovine organisms have failed.

The morphologic distinctions tend to disappear also in the tis-

sues of susceptible animals. We may inoculate a typical bovine

culture, and in a very short time scrapimgs from the various orgaus

will show long and very much beaded bacilli.

The most striking dissimilarity is, however, seen in the action of

the bacilli from tiie two sources on animals. i>y whatever method

of inoculation, the bovine bacillus, as a rule, possesses a very much
greater pathogenic power than the human bacillus for all animals

on which it has been tried, the only exceptions being possibly those

animals, like guinea-pigs and swine, which are so extremely suscep-

tible to both types that it is hard to draw any distinction between

them. This was the case with swine inoculated by feeding in our

own experiments, but Koch and Schiitz found that for swine also the

bovime bacillus was much more active. The list of asiimals for which

this increased virulence has been proven includes horses, cows, asses,

sheep, goats, dogs, cats, rabbits, guinea-pigs, and receutly the same
thing has been shown to hold true for man's relative, the monkey, by

de Joung de Schweinitz and Schroeder, and ourselves.

In our own experiments two mookeys inoculated subcutaneously

with Culture L, obtained from milk, died on the thirty-seventh and

thirty-third days, while the corresponding pair of the same species,

and as nearly the same weight as possible, inoculated with Culture M,

from human sputum, lived hfty-four and ninety-six days, respectively,

the last being chloroformed in a moribund conditioo. Two other

monkeys which were inoculated by feeding five times with the same
cultures smeared on banana, lived forty-two and ninety days, respec-

tively. The postmortem examinations showed for the animals which

received the bovine cultures a more active invasion and more acute

process.

What has been said concerning the greater pathogenic power of

the bovine organism has, I think, been proven beyond question to

be the rule. It must be borne in mind, however, that what we speak

of as virulence is a very variable quantity, no micro-organism being

known which always shows the same degree of pathogenicity. The
tubercle bacillus isolated from cattle varies in its pathogenic power
considerably, though not perhaps to such an extent as those obtained

from human sources. Among the latter we find some cultures which
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have feeble acliou even on the most susceptible animals, like guinea-

pigs,^^ while others are most actively virulent. Besides Culture BB,
described in this paper, cultures of exalted virulence have been iso-

lated from man by Vagades and Lartigau. Whether or not these

cultures were in reality the bovine organism which had infected man
we caonot say now. At present our knowledge is so restricted in

the matter of differentiation that we must designate the cultures

human or bovine according as they are isolated from man or from

(tattle. The dictum of Koch that inoculation of cattle will infallibly

distinguish one from the other cannot be accepted offhand, as it is

far from proven that virulence for cattle is a fixed aad constant char-

acteristic. Prof. McFadvean savs: "If a low degree of virulence

for cattle is to be taken as the distinguishing feature of human ba-

cilli there will be no difficulty in proving that human disease is

sometimes transmitted to the lower animals."

lias the Bovine Tubercle Bacillus more Pathogenic poiver for Man
than the Human Bacillus?—In trying to interpret the results ob-

tained by inoculatioo of animals we are forced to ask ourselves

whether or not they are applicable to man also? Having proven that

for practically all experimental animals the bovine tubercle bacillus

I^ossesses, as a rule, a much greater pathogenic activity than the

human, is it fair to conclude that this increase of virulence will

hold good for man also? Until the contrary is proven, or until

good reason for believing the contrary is shown, I feel that this must

be our conclusion. This matter opens up a most fascinating field for

speculation, in which we meet with many apparent contradictions;

and until we gain a better understanding of immunity in general we
cannot speak dogmatically, but must stick to ascertained facts in

each individual case. Virulence is a factor which is relative to the

subject, and exaltation of virulence for one species of a«imal does

not necessarily prove an increased power for other species. Indeed,

the reverse is sometimes true. For example, the strptococcus is said

to become increased in virulence for mice by successive passages

through these animals, but less virulent for rabbits. So, too, the

bacillus of '^rouget du pore," though but slightly pathogenic for rab-

bits, rapidly acquires a high degree of virulence for them by succes-

sive passages; but when this has taken place we find that all viru-

lence for swine, fi-om which it came in the first place, has disappeared.

Large doses do not even make them ill.

Admitting freely all these facts, we must regard them as excep-

tional, for it is a firmly established rule in bacteriology that when

the virulence of a pathogenic organism is increased for one animal

it is increased for all that are naturally susceptible to its action

as well as for those in which the disease is known only experi-

mental] v.
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That as regards man a result analogous to that seen in the strep-

tococcus, or the bacillus of -rouget du proc,'" has not taken place by

the resideute ol' the tuberch? bacillus iu the tissues of cattle is proven

by the cases of accidental inoculation of man with the bovine bacillus

as well as by the cases observed clinically iu which tuberculosis has

followed the consumption of tuberculous milk. The tubercle bacillus

is unique in the exte4it of its pathogenic activity, both by direct ex-

perimental inoculation as well as by infection under what may be

considered more or less natural conditions. The list of animals in

which tuberculosis occurs in parks and zoological gardens is appall-

ing, the discoveries of Dubard and others showing that not even the

cold-blooded animals are exempt from this universal scourge. While

it may be said of the tubercle bacillus that iu cultures in the labora-

tory it is unusually tenacious of its characteristics, it is certain that

in nature it has a wide range of adaptability as a pathogenic agent.

Hence, for the tubercle bacillus, perhaps, more than for any other

known microbe, we are justified in believing that an exaltation of

virulence for practically all experimental animals will hold good in

the case of man also.

Accidental Inoculation of Man ivith the Bovine Tubercle Bacillus.—
While we cannot determine the virulence of the bovine tubercle ba-

cillus for man by direct inoculation, we are, nevertheless, not without

some information on this point, owing to the accidental inoculations

observed from time to time. Four such cases have been reported to

this Society, accompanied iu three instances by the exhibition of the

specimens.

Similar cases have been reported by Tscherning and Pfeilier,

the latter ending in general infection and death.

Dr. M. B. Hartzell has also observed two cases in which the

bovine origin of the infection was not absolutely proven, though

certainly highly probable, both occurring in healthy men who were

eraployedby one of our large railways to clean and repair cattle cars.

In both a well-marked tuberculosis of the skin of the verrucous type

followed slight wounds of the back of the hand inflicted by broken

timbers. One man recovered under local treatment, but the other

died after about a year through involvement of the lungs and other

organs. This patient was a robust man, aged forty-four years,

weighing 175 pounds, with good personal and family histories. Dr.

Hartzell felt that he was able to exclude with reasonable certainty

any other source of infection. The death of Mr. Thomas Wally, Prin-

cipal of the Koyal Veterinary College, of Edinburg, is also attributed

to infection gaining entrance through a woimd received while mak-

ing an autopsy on a tuberculous cow.
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The interest which has been aroused by Professor Koch's paper

has broujjht out numerous reports of such cases, which are now be-

ing published to show that man has something to fear from bovine

tuberculosis.

Dr. Kurt Mueller, a surgeon of Erfort, describes the cases of

two healthy young men who were under his care. Roth were

butchers, and in both cuts were sustained while working on tuber-

culous cattle, the wound opening the synovial sheath of a tendon

in the hand. In each case an operation was necessary, and it was

found that the wall of the sheath, as well as the tendon itself, was

thickened, while upon them were large numbers of yellow nod-

ules, proven to be tubercles by microscopic examination. These

tubercles were placed very thickly near the scar, gradually becom-

ing fewer as the scar was left. lo one of the men the trouble

extended from the finger to the forarm, and there was some evi-

dence of tuberculosis even at the muscular attachment of the tendon.

In the second case the tendon was attached to the sheath, and the

disease limited to an area 10 cm. in length. Examination of the re-

moved tissue proved the presence of tubercle bacilli. Both of these

men had good family histories, and were free from tuberculosis else-

where, so tha.t Dr. Mueller has no doubt that they were inoculated

with bovine tubercle bacilli.

De Jong observed the case of -a man who injured his finger

while examining the mesentery of a tuberculous cow. The wound
did not heal, the edges became indurated, and considerable swell-

ing ensued, with pain which increased steadily and failed to yield

to ordinary treatment. Curettage and cautery were finally used

with success. In the scrapings tubercle bacilli were demonstrated.

In Berlin two men wiio are employed in the slaughter-house to

carry the condemned tuberculous meat to the place where it is de-

stroyed have developed tuberculosis of the skin of the hands. At a

recent meeting of the Medical Society, of Berlin, Professor Lassar

presented cases of verrucous tuberculosis of the skin. He had ob-

served this type of skin tuberculosis in butchers who had handled

tuberculous meat. Of thirty-four cases seen by him four were in

butchers; while, on the contrary, among those affected with other

forms of tuberculosis localized to the skin of the hands, none be-

longed to this calling. Liebreich agreed with the view taken, and

said he had been able to assure himself that verrucous tuberculosis

of the skin was much more common among those whose duties re-

quire handling tuberculosis meats than among others. Blaschko

spoke of the case of a cook seen by him in whom a tuberculous lesion

followed the prick of a piece of bone.

9—6—1902
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It is interesting to note that Dr. ilartzelTs two cases were both

of the verrucous variety, the origin in both l)aving been almost cer-

tainly bovine.

Drs. Joseph and Trautmann report three cases of verrucous tuber-

culosis of the skin occurring among employes of the municipal abat-

toir in Berlin, who worked exclusively with tuberculous animals.

Case I.—J. (x., aged forty-five years. Was never ill before, and

no tuberculosis in his family. His duties were to cut up tubercular

and condemned carcasses. In 1892 or 1893 he received a small

wound of the middle finger of the left hand, and a nodule soon formed,

surrounded by a zone of redness. It i«creased slowly until 1897 or

1898, when the thermocautery was resorted to with partial success.

About a year ago the man tore the first finger of the same hand on a

bone from a tubercular cow. The wound cicatrized in about eight

days, but later a nodule developed on the site. When examined, in

August, 1891, the disease was confined to the first and middle fingers

of the left hand. On the first finger nodules about the size of a pea

protruded from the surface 1 ram. to 2 mm., moderately read, and

having in the center a broken area covered with small crusts. The

nodule on the middle finger was much larger and the verrucose con-

dition more developed.

Case II.—J. O., aged thirty-five years. No history of tuberculosis

in family. The patient, his wife,. and three children had always been

healthy. Has been employed in the abattoir for one year, and al-

ways in division reserved for tuberculous animals. Three months

before he had suffered a wou«d of two fingers, following which the

disease developed. On the little finger is a hard, rough, thickened

area, extending entirely through the skin. On one side is an ulcer

which goes deep into the corium.

Case III.—K. S., aged thirt.y-eight years. Employed in handling

tubercular material. He showed a typical tuberculosis of the skin.

As the case was being treated by another physician, the details are

not given.

It would seem that instances of infection through wounds are not

as uncommon as has been supposed heretofore. Their value has been

questioned on the grotmd that inoculations do not always corres-

pond to natural infeclions. I do not pretend that such cases settle

the whole question definitely, but they do prove beyond question that

there is no peculiar quality in the tissues of man which makes him an

unfit soil for the bovine tubercle bacillus. Furthermore, they afford

us means of comparison with similar cases in which the invading or-

ganism is of human origin, wounds of the hand while operating on

tuberculous cadavers, or in cleaning cuspidors used by phthisical per-

sons, being not uncommon. I have been at some pains to study the

reports of such infections, and feel bound to conclude that the bovine
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bacillus is at least as virulent as the human for man when intro-

duced in such manner. We know from experimental as well as

clinical evide^ice that the skin is the tissue most unfavorable to the

jrrowth of the tubercle bacillus. If, then, the bovine bacillus can

successfully invade the skin and multiply there, with the production

of characteristic changes, it seems we are fully justified in believing

that organs and tissues that are known to ofler favorable soil to the

human bacillus will also prove favorable to the bovine organisms.

On (he other hand, I kiiow of no animal which is susceptible to the

human bacillus yet immune to the bovine. Birds are equally refract-

ory to both, a small proportion of those inoculated or fed with

either succumbing to tuberculosis.

Tuberculous Infection Ihrough Food.—Koch bases his opinion

as to the non-transmissibility of bovine tuberculosis to man largely

on the alleged rarity of primary intestinal tuberculosis. He says:

''If the bacilli of bovine tuberculosis were able to infect human be-

ings many cases of tuberculosis caused by the consumption of

aliments containing tubercle bacilli could not but occur among the

inhabitants of great cities, especially children." "That a case of

tuberculosis has been caused by aliments can be assumed with cer-

tainty only when the intestine suffers first—i. e., when a so-called

primary tuberculosis of the intestine is found." He says that he

has seen only two such cases; that at the Charity Hospital, in Ber-

lin only ten cases were seen in five years; that among 933 cases of

tuberculosis in children at the Emperor and Empress Frederick's

Hospital for Children, Baginsky never found tuberculosis of the in-

testine without simultaneous disease of the lungs and bronchial

glands; that Biedert found only sixteen cases of primary intestinal

tuberculosis among 3.104 children examined post mortem.

The assumption that the proportion of tuberculosis caused by

good is correctly revealed by the lesions of the intestine or mes-

enteric glands is certainly erroneous, and leaves out of consideration

entirely at least one very important avenue of infection.

Infection Through the Tonsils.—The numerous observations made
of late years leave no doubt that the tonsils sometimes act as the

port of entry for the tnbrcle bacillus. As well put by Baup. "dis-

cussion is only possible as to the greater or less frequency of these

lesions, and their pathological importance." a position sustained

not only by the work of other observants but by his own. in which

he examined the tonsils from those cases only in which tuberculosis

of the lungs was absent and other ports of entry could be excluded.

Dieulafoy, by the inoculation of guinea-pige. found tuberculosis in

fifteen of ninety-six cases. Latham, who was careful to employ

only the interior portions of the tonsils, in forty-five consecutive cases
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of children from three months to thirteen jears of age, seen at au-

topsy, foniid seven which were tuberculous. One of the most recent

studies of tliis subject is Ilia I of Fricdmann, who examined the ton-

sils obtai^ied from niucty-onc childreu at autopsy, and fifty-four

cases removed by operation, all but one of the latter under five years

of age. Of the ninety-one cases, in three there was tuberculosis,

probably iiot primary: in five there was tuberculosis, probably prim-

ary, with secondary involvement of lymphatic glands, intestine, and

bone; in one the (onsile showed many tubercles, giant cells, and

tubercle bacilli, the rest of the body being free; in seven (two with

and five without tuberculosis in other parts of the body) the tonsils

coutained typiciil giant cells, but no bacilli could be demonstrated;

in three giant cells attributed to other causes were found; in eleven,

which showed extensive tuberculosis of other parts of the body, the

tonsils were free, but showed scars; in four the tonsils were free,

there being tuberculosis of the internal organs; in three bacilli were

demonstrated in smear preparations, though no tubercles were found.

In the remaining fifty-four cases tuberculosis w'as not found in any

part of the body. Only one of the operative cases showed primary

tuberculosis.

When we remember the frequency with which children are fed,

and the ease with which particles of food lodge in the tonsils, we
cannot but think that Friedmann is reasonable in his conclusion

t.'iat tuberculosis of the tonsils is quite common in children, and

that the infection takes jjlace directly from food, and not through

the lymph, blood, or by inhalation.

Numerous authors who have studied this question give corrobora-

tive facts, lack of time preventing further citations. Those given

are sufficient, I think, to show the fallacy of looking exclusively to

the intestine for the proof of a food infection. I beg to call attention

to the specimen showing ulceration of the tonsils which I have here,

taken from one of four pigs which were infected by feeding, ten meals

containing pure cultures of tubercle bacilli being given. All the

animals contracted general tuberculosis, most marked in the lungs,

and ending in death. Three of the four presented lesions of the ton-

sils similar to those shown, while in only one could any lesion of the

intestine be found. In the tonsils of the fourth pig, which showed no

macroscopic lesions, many tubercle bacilli and areas of caseation

were found. In three of the four pigs the cervical and mediastinal

glands were markedly involved, and tubercle bacilli were readily

demonstrated in smear preparations made from the cut surface of the

salivary glands in the remaining one.

A similar observation was made by Koch, who, however, seems to

have entirely overlooked the importance of it. He says: "These

animals had without exception severe tuberculous disease, especially
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tuberculous inliltriition of the greatly enlarged glands of the neck

and of the mesenteric glands, and also extensive tuberculosis of the

lungs and spleen."

Clinical Ohse7'vation

.

—The number of cases in which infection

can be traced to tiu' consumption of tuberculous milk is not large,

and almost all of them are open to some criticism from the fact that

all other sources of infection cannot be positively excluded. Fiom
the nature of the case this will always be true, and we can never

shut children up and feed them with tuberculous milk in the way
of an experiment. However, evidence in some of the cases is so

clear that Nocard has well said: "Jt has almost the value of an ex-

periment," and it is (luite sure that we would unquestionably ac-

cept evidence of much less value if any other disease than tuber-

culosis were concerned.

The cases reported by Stang, Demme, Gosse, Ollivier and Law,
involving nineteen persons, are too well known to need repetition

here.

Ebers rei)orts six cases, collected by several observers, of tuber-

culosis in children, attributed to the milk of tuberculous cows.

Bang, through iniiuiries in Denmark, has collected reports of nine

persons in wliom infection could be traced with reasonable certainty

to milk from tuberculous cows.

Von Ruck re])orts the case of a father and child which are verv

oonviocing, and says that he has observed several others in which
there was very good reason to believe that milk was the agent of

transmission for the tubercle bacillus.

Klebs and Rievel have recently reported two cases which came
under the observation of the former. A healthy young man em-

ployed by Klebs to assist in making some investigations o« milk in-

fection had the habit of drinking the milk of the tuberculous cows
used in the experiment. In a few months he died of miliary tuber-

culosis. The second case was one of six male children, who died at

the age of two years of tuberculosis of the cord and meninges. This

child was the only one of the six fed on cow's milk atid the only one

that developed tuberculosis.

Postmortem Evidence.—The reports of pathologists based on au-

topsies prove conclusively that in a certain proportion of persons

dying of tuberculosis, and especially in children, the infection takes

place through the intestine. As to the frequency of infectiou by this

route there is a wide divergence of opinion, due partly, no doubt, to

the fact that this method of infection is much more common in some
localities than others, owing to local conditions, and partly to the

interpretation given to the postmortem findings. Our method of de-

termining the portal of entry is not entirely satisfactory, as is shown
by the large number of cases reported by many pathologists in which

it is impossible to locate the primary lesion.
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In general the derermiuatiou of the primary lesion is based on the

belief that the lymphatic glands in children give evidence of the du-

ration and extent of tuberculous diseases in the organs with which

they are in relation. Consetiuently if the bronchial glands show more
advanced caseation than the mesenteric the infection is put down as

being through the respiratory tract. The fallacy of this has, 1 thiuk,

been demonstrated as regards infection through the tonsils, and that

it is correct, even when the absorption takes place through the in-

testinal mucosa is open to (juestioii. During intestinal digestion

there is a constant current from the intestine to the mesenteric

glands, and thence up the thoracic duct into the venous circulation.

Any tubercle bacilli which may have gained entrance into the stream

are carried almost immediately into the lung, and deposited there

by election.

It has been shown by Dobroklonski, working under Cornil, that

the tubercle bacillus can penetrate the wall of the intestine in the

absence of any demonstrable lesion, and that the contact does not

need to be prolonged. As the result of carefully conducted experi-

ments on animals he says; "Tuberculosis can certainly invade the

body through the digestive tract. For this invasion to occur it is

not necessary that there should be either a lesion of the intestinal

wall, a desquamation of the epithelium, or any local modification

whatever, or an anterior inflammatory process. The tuberculous

virus (bacilli as well as spores) can easily pass through the epithelial

lining of the intestine when it is entirely normal. This penetration

is particularly easy at those points where the contact of the virus

with the intestinal wall is prolonged, but it is not necessary that

there should be prolonged contact or that it should be any longer

than what occurs normally."

In our work at the laboratory of the State Live Stock (Sanitary

Board we have often been struck by the extensive involvement of the

lungs in animals infected by feeding, and the slight injury of the in-

testines. Indeed, in some animals it has been impossible to detect

any involvement of the intestines at all.

I ask your attention to specimens from two animals illustrating

these points. The first is from a cow (No. 26435) which was fed with

bovine tuberculous material. Both lungs were involved and had
cavities in them. The bronchial glands were enlarged, and showed
small nodules. The mediastinal glands were enlarged and softened,

but showed no nodules. The mesenteric glands were normal, and
no lesion of the intestinal wall could be found.

The second is from a monkey fed with a pure culture obtained

from the mesenteric gland of a child (Culture BB). Both lungs are

involved throughout and to a much greater extent than the ab-

dominal organs. The bronchial glands are enlarged and caseous.
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lu the intestine ouly oue point of injury can be found, and most of

the mesenteric glands are normal in size, and show a few nodules 1

mm. ill diameter. The glands associated with the upper iotestiue

are much enlarged and show caseation, though not more advanced

than what is seen in the bronchial glands.

The specimens from the monkey illustrate another important point,

namely, the occurrence of coincideiit infection through the upper part

of the digestive tract and the intestine. If this animal had been

examined without the knowledge of its history it would almost cer-

tainly have been put down as one of those cases in which the avenue

of infection could not be positively determined. The kmgs show

much more extensive disease than any of the abdominal organs, and

the bronchial glands show caseation as well as some of the mesen-

teric, and to an equal degree. This monkey was tested with tuber-

culin before the experiment began, and was in perfect health when

the feeding with tubercle bacilli commenced. The key to the situa-

tion lies in the enlargement and caseation of the cervical lymphatic

glands, indicating an infection through the tonsils or some neighbor-

ing part of the upper digestive tract, though no lesion could be de-

tected. We have here an undoubted food tuberculosis, yet the res-

piratory tract shows the chief involvement. Does not the same

thing occur also in children, and more often than we suspect?

With these facts in view it seems not impossible that an infec-

tion gaining entrance through the intestines may appear lirst in the

lung, and thus be erroneously attributed to the respiratory tract.

On one point all pathologists as well as clinicians seem to agree,

that in children tuberculosis shows a marked tendency to become

generalized, and this occurs with such rapidity that it is often impos-

sible to decide where the infection gained entrance.

The postmortem statistics are gathered mainly from hospitals and

asylums for children, and it is in children that we have most reason

to fear infection by food, their diet consisting as it does so largely

of cow's milk. The tremendous mortality of children from tuber-

culosis has forced us to pay particular attention to the study of the

factors at work in early life, and a number of interesting and valu-

able analysis of autopsy records have been published. From Eng-

land we get the most positive evidence of infection through the in-

testine, and the most striking proofs of its frequency. English

pathologists are practically unanimous in regarding the intestine as

a frequent path of infection, the primary lesion being associated

with this tract in about 25 per cent, of all cases. We may examine

the figures given by some of the more recent writers on this point.

Carr, examined 120 cases at the Victoria Hospital for Children,

London. Of these in eighty-two the disease was generalized, in the
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sense that the lesions in dilterent localities seemed to have a "com-

mon simultaneous oi-iy,iu Iroiu some infective centre, or else that

there were several quite independent tuberculous centers in ditterent

parts of the body." In seventy-nine cases the primary lesion was in

the lung or bronchial glands; in twenty cases in the intestine or

mesenteric glands; in six cases it was impossible to tell whether the

respiratory or the digestive tract was hrst involved; in eleven cases

widely separated caseous foci were found, and the pj'imary lesion

could not be located; in four cases no centers could be found, the

lesions being generalized.

Guthrie, at the Children's Hospital, Paddiugtou, London, ex-

amined seventy-seven cases, ile considered that in forty-two cases,

or 5-A.5 per cent., the primary lesion was in the respiratory tract; in

nineteen cases, or 24.6 per cent., it was in the ' testiual tract. Of

the remaining sixteen cases the thoracic and abdominal organs were

equally affected in seven; in six the original nas unknown, and in

three otherwise accounted for. In only thirty-two cases could the

origin of the tuberculosis be traced with certainty to the glands, to

the thoracic seventen times, and the mesenteric fifteen times.

Still, at the Great Ormond Street Hospital for Children, in 769

consecutive autopsies on children under twelve years of age, found

269 cases which showed tuberculous lesions. Of these 117 or 43.5

per cent., were children under two years of age; and 56.5 per cent.

—more than half the total number—were children under three years

of age. The origin of the disease was as follows:

Lung 105 1

Probably lung 33 |' 138=51.3 per ct.

Intestine 53 i

Probably intestine 10 r 63=23.4 per ct.

Ear 9
j

Probably ear 6f
1»= 5.5 per ct.

Bones and joints 5

Fauces 2^ B3=19.8 per ct.

Uncertain 46

In forty-three cases in which death was due to other causes, such

as diphtheria, heart disease, etc., the primary focus of infection could

be determined with great certainty, as the tuberculosis had not

become generalized. Among these the primary lesion was respira-

tory in twenty-six cases, or 60.4 per cent.; intestinal in sixteen, or 37.8

per cent.; and in the year three times.

Dr. Shennan, of the Eoyal Hospital for Sick Children, in Edin-

burgh, found among 278 cases of tuberculosis 28.1 per cent, in which

infection had takc^i place by the intestinal tract, showing that the

high percentage in which this route of infection is observed is not

confined to London, where it might be supposed that conditions

were such as to favor it specially.
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The few reports we have from America indicate that infection

through tlie intestine is umch less frequent than in England.

Northrup reports that among liT) autopsies, in only three was the

primary lesion found in the intestinal tract. In thirty-four cases,

however, the disease was so general and far advanced that he was

unable to determine the mode of invasion.

Holt among 111) tuberculous children examined postmortem found

the intestines atiected forty times and mesenteric glands thirty-eight

times, but in no case did he consider the intestine as the route of in-

vasion.

Bovaird, in 1899, published the records of seventy-five autop-

sies on tuberculous children. In sixty cases infection had taken

place through the respiratory tract; in eight the bronchial and mes-

enteric glands were equally involved, and in seven the records were

incomplete. He has recently added the record of fifty cases, among

which two cases of primary intestinal infectioii occurred. The num
ber of indeterminate cases is not given.

German statistics, as far as I have been able to obtain them, do

not sustain Koch's position, although they indicate that primary

intestinal tuberculosis is not so common in that country as io Eng-

land, which we would hardly expect, considering the precautions pre-

scribed in Germany and the lack of regulations in England.

However, intestinal involvement in children appears to be quite

frequent in most parts of Germany; and as many of the reports

do not clearly indicate the primary seat of invasion, we are justi-

fied in believing that a fair proportion of these cases are due to in-

testinal infection. For example, the statement given by Koch and

attributed to Baginsky—that among 933 cases of tuberculosis in

children he never found tuberculosis of the intestine without simul-

taneous disease of the lungs and bronchial glands—is entirely in-

definite as to the primary seat of the disease, and as quoted furnishes

no ground whatever for Koch to stand on.

Against the figures given by Koch—which are confined tO' his own

experience—the reports of Baginsky, and a series of cases attributed

to Biedert, we have the statement of Professor Hueppe that "the

number of these cases (primary intestinal tuberculosis) occurring in

children is by no means so small as Koch alleged. The number of

cases may be fairly reckoned as between 25 and 35 per cent, of all

deaths of children from tuberculosis."

Among fourteen children who died from other diseases, and in

whom the existence of tuberculosis was not recognized before death

Kossel found tuberculosis of the bronchial glands ten times and of

the mesenteric glands four times. In twenty-two children who died

of tuberculosis he found the disease confined to the intestinal tract

in only one case.

10
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It is unnecessary to quote further statistics on this point. The

extent of intestinal tuberculosis varies in diiferent countries and in

different paris of the same country—a fact which of itself indicates

a local factor, such as the greater or less prevalence of tuberculosis

in cattle. One cannot study such statistics as those given without

being fully convinced that a very important proportloii of the children

who die of tuberculosis are infected through their food, and that

the report made to the council of the British Medical Association

was justified, namely, that "the mortality- from tuberculosis in early

childhood is not decreasing as it is at other ages in the United King-

dom; and the opinion that this great prevalence of the disease in

childhood is due to infection through the alimentary canal by milk

from tuberculous cows appears to be well founded."

Extent of Tuheradosis in Cattle.—It is well known and so univer-

sally acknowledged that tuberculosis is a wide-spread scourge in

cattle that it would be superfluous to give an array of figures show-

ing the extent of its ravages in various countries. Those interested

in this phase of the subject will find the latest statistics given by Dr.

Leonard Pearson, m Bulletin No. 75, issued by the Commonwealth
of Pennsylvania, Department of Agriculture. In studying such sta-

tistics it must be borne in mind that it is in the milch cow, and es-

pecially the cow on the dairy farms near large cities, that is most

apt to fall a victim to tuberculosis. In Pennsylvania, Dr. Pearson

has found that of the tubercular herds tested about 13 per cent, of

the animals had tuberculosis. Some herds show a very high pro-

portion of diseased animals. Thus, for example:

Among 174 cattle 166 were tubercular.

73 cattle 59 were tubercular.

22 cattle, 17 were tubercular.

14. cattle, 14 were tubercular.

20 cattle 20 were tubercular.

59 cattle 53 were tubercular.

In other parts of the State tuberculosis is very rare or even un-

known. These places are found in the interior counties, where the

stock is "native" for the most part, or were stocked at a time when
bovine tuberculosis was very little known in the United States.

There has been and is considerable discussion as to the stage of

the disease at which a tuberculous cow becomes dangerous through

the passage of tubercle bacilli into her milk. Some authorities hold

that there must be actual disease of the udder for this to occur, while

others believe that this is not necessary. As early as 1893 Dr. Theo-

bald Smith showed that the tubercle bacillus may be found in the

milk of tuberculous cows when the udder, so far as the naked eye

could tell, was free from disease. In a series of experiments at the

laboratory of the State Live Stock Sanitary Board of Pennsylvania



No. 6. DEPARTMENT OF AGRICULTURE. 13»

the mixed milk of live cows was examined by iutraperito-ueal inocu-

lation ot guinea-pigs. These cows had reacted to tuberculin, but

were in good conditiou aud ot hue appearance. Repeated examina-

tions ot the udders by several vetermarians failed to reveal any

lesion, and examination after the death of the a-nimals gave the same

negative results. Ko attempt was made to concentrate the bacilli;

on the contrary, the whole quantity of milk was well shaken, in order

to imitate as nearly as possible natural conditions, and moderate

doses of milk (lU c. c.j were used. Of eighty-eight guinea-pigs em-

ployed in this test sixty-three lived long enough for the development

of tuberculosis, and of these ten, or lo.S per cent., became tubercular.

More surprising and more unusual are the results of Uabinowitsch

and Kempuer, who inoculated the milk of tifteeu cows into guinea-

pigs, the experiment beiug made to determine whether or not the

milk of cows having a tuberculosis which could be detected only by

tuberculin, and not by physical examination, might be virulent.

Three examinations were made by a veterinarian in the course of the

experiment. Of the fifteen animals ten were found to give virulent

milk, a percentage of GG.G. One cow gave milk which contained a

yellowish, gelatinous material, and caused a fatal peritonitis in a 1

animals inoculated. Leaving this out, the positive results amount to

71.4 per cent. All of the cows had reacted to tuberculin, but none

showed clinical evidence of udder disease when the experiment be-

gan. Of the ten giving virulent milk three showed advanced gen-

eral tuberculosis, but no disease of the udder; two showed no evi-

dence of disease at al', and one only on the second and third examina-

tions. One cow had rales at the time of first examination, but these

disappeared, and she showed no evidence of disease after. On post-

mortem one cow was found to have tuberculosis of the udder, aud one

showed clinical evidence of it on the third examination, made six

months after the experiment was begun. The authors conclude:

''Milk may contain tubercle bacilli, first, in beginning tuberculosis,

witliout discoverable disease of the udder, and, second, in latent

tuberculosis that can be detected only by the tuberculin reaction;"

also, "milk from cows that react to tuberculin must be suspected of

being infectious in every case,"

\Mth thes results before us we must admit that while tuberculosis

of the udder is the most dangerous condition, we cannot by any
means regard the milk of cows with general tuberculosis, but the

udders of which are free from the disease, as being safe for food.

\^'e must insist that danger is not limited to those herds which
' rirbor one or more cows with udder tuberculosis. I cannot agree

with those writers who attempt to belittle the dangers to which

milk-fed babies are exposed by pointing out the comparative infre-
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quency of tuberculosis of the udder. Dilution with the milli of other

row? free from tuberculosis no doubt lessens the danger, but does not

i-(Mnove it.

Acid-fad Bacdli.—A few 3'ears ago Moller amiounced the dis-

covery of a bacillus having the morphology and staiiiitJg reactions of

the tubercle bacillus. lie has shown that this bacillus and other:4

closely allied to it may constantly be found in forage and in the feces

uf aiiiuuils fed on such forage. Petri, Kabinowilsch, Grassberger,

Korn, and others have found the same or like bacilli in milk, butter,

and margariwe; Kabinovvitsch lias isolated one of the same group

from a case of gangrene of the lung in man; Karlinsky has shown

their presence in nasal mucus, and Marpman has found them io urine,

so that we know that this group of "acid-fast" bacilli has a wide dis-

tribution in Mature. The property of resisting decolorization by

mineral acids was for a long time considered diagnostic of the tuber-

cle I acillus. The discovery, therefore, of a comparatively large group

of organisms having the same property, and being indistinguishable

morphologically under the microscope, has served to throw some

doubt on researches in which the microscope has been relied on en-

tirely to demonstrate the presence of the tubercle bacillus in milk.

AniTx^als such as guinea-pigs and rabbits inoculated intraperitoneally

witu cultures of these bacilli, or with milk, butter, etc., containing

them, develop nodules which may sometimes be mistaken for tuber-

culosis. However, such mistakes must be rare, and there can be no

doubt that the true tubercle bacillus passes into the milk of tuber-

cular cows, as shown above. Reinoeulation, microscopic examina-

tit u of the tissues, and the isolation of cultures can be relied upon

to clear up the diagnosis of an}^ doubtful cases.

Solution of the Problem.—In the solution of the problem before

I - the most directly valuable data will, I think, be obtained from the

examination of cultures isolated from the abdominal organs of chil-

dren in whom there is reasonable evidence of infection by the in-

testinal tract. When these cultures are found to have a high de-

gree of pathogenic power, and are able to infect cattle in moderate

dos'.'S, we will be justified in saying that the children from whom they

were obtained were infected in the first instance from bovine sources.

By the examination of a large number of such cases we will, I believe,

obtain very valuable information as to the frequency with which chil-

dren are infected by milk. On the other hand I do not consider

that we can entirely exclude bovine infection even iq those cases

where the abdominal organs yield a culture of feeble virulence, for

the reason that we at present know nothing of the effect produced

on the bovine bacillus by prolonged residence in the human body. It

is certain that the various types of tubercle bacillus known to us have

sprung from a stock common to them all, and that have acquired
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theii- racial peculiarides by residence in different animals through

which the}' are subjected to a difference in food, temperature, and re-

sistance. In other words, the struggle for life is carried on io the

various species of animals under varying conditions, the result be-

ing that in each animal the tubercle bacillus acquires properties

which best enable it to carry on life in that particular host. The

acquisition of these peculiarities no doubt requires a certain lapse

of time, but how much we do not know. We have experimental evi-

dence that it does not require a great time to change the tubercle

bacillus from a higher into a lower type. By the method of inocula-

tion in the peritoneal cavity in collodion sacs Nocard has shown that

in from five to eight months both the bovine and human bacillus can

be made to acquire the cultural characteristics of the avian bacillus,

and to a certain extent its pathogenic action also. A few passages

from fowl to fowl during four to six months increased this greatly.

By passage through the blind worm Moller has in the course of a

year so changed the human tubercle bacillus that it grows like the

organism of fish tuberculosis, and has the same temperature reac-

tions. It grows best at 20 degrees C, and ceases to grow entirely at

30 degrees C. The bacillus of fish tuberculosis, discovered by Du-

bard had for its origin the human bacillus, the fish having fed on

the sputum and dejecta from a patient far advanced in phthisi. The

fish had been subjected to this for about a year before the disease was
noticed.

With these facts before us I do not think we are forcing a point

in believing that it is at least possible for the bovine bacillus to

become rapidly so changed in the body of man that it will show the

cultural and pathogenic peculiarities which we find usually in cul-

tures of human origin. For these reasons our observations should

be made by preference on cases which are rapid and acute.

Conclusion.— The evidence at hand forces us to conclude .that

human and bovine tuberculosis are but slightly different manifesta-

tions of one and the same disease, and that they are intercommu-

nicable. Bovine tuberculosis is, therefore, a menace to human
health. We are not in a position at present to define positively the

extent of this danger, but that it really exists cannot be denied.

In the past there has probably been a tendency to exaggeration, but

however great this may have been it does now justifj' any attempt

at belittling the risk, and it is folly to blind ourselves to it.

The eradication of bovine tuberculosis is amply justifiable from a

purely economical stand-point; viewed in its bearing on human health

it becomes a public duty.
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The jciprr liclow is olleied lific bfcaiise it j^ivcs a review of tlie

work (lone uiKh'r the ansi)ices of the Stale Live Stock Sanitarv Board
on the vaccination of cattle against tubercnlosis. It was read before

the Pathological Society of Phihidelphia, November 13, 1902.

SOME EXPEKIMENTS UPON THE IMMUNIZATION OF CATTLE
AGAINST TUBERCULOSIS.

BY LEONARD PEARSON, B. S. V. M. D., Staff Veterinarian of Pennsylvania,

AST)

S. H. GILLILAND, V. M. D., Assistant Baiteri<i}<}0st nf the State Live Stock Sanitary Board.

(From the Laboratory of the State Live Stock Sanitary Board of Pennsylvania.)

When an extensively tubercular herd is tested with tuberculin one

usually finds some animals that do not react to the test and are free

from disease. These uninfected aninmls may be young or they

may be recent additions to the herd, and their freedom from disease

may be due merely to the fact that they have not had time to cootract

it; on the other hand, they are often cows that have been members
of the herd and exposed to infection for years. That the freedom

of these cattle that have long resisted the disease is not due to breed

or family immunity has, in numerous instances, been shown by the

fact that their parents or oli'spring have succumbed to tuberculosis.

To what is such resistance to tuberculosis due? It is evident that

it does not depend upon species, breed, or lack of exposure. It is an

individual factor. An animal may possess some power within itself

to resist the tubercle bacilli that it is constantly exposed to and must

daily inhale and ingest.

Careful observation of these cattle and study of them in series

show^ that the immunity they possess is not due to what is roughly

termed good geoeral health or what the stockman knows as good

condition. Cattle resistant to tuberculosis may suffer with some
other disease or be in a bad state of nutrition. Cattle that contract

tuberculosis show, in very many instances, until the infection is well

advanced, the usual signs of good health, such as soft coat, pliable

skin, clear eyes, good appetite, and regular growth or increase of
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weight or yield of milk in proportion to the quantity and quality of

food consumed. It ap[)ears, then, that there is reason to believe

that some cattle have a specific resistance to tuberculosis. We
know that specific resistance or immunity of the individual, occurring

under natural conditions, usually depends on a previous attack of

the disease against which the animal is immune, or, as m the case of

Texas fever, upoo the continued existence of the disease in a form so

mild as not to appreciably disturb the various functions. This prin-

ciple receives practical application when persons are rendered im-

mune to small-pox or animals to anthrax, black-quarter, lung plague,

rabies, or Texas fever by inoculating them with the attenuated but

living virus of the respective disease, and thus causing them to de-

velop it in a comparatively mild form, from which speedy recovery

a4id subsequent immunity are almost certain.

From the inoculation there results the automatic development of

an antitoxin that counteracts the toxin of the disease, and, at the

same time, prevents or retards the growth of the organism of that

disease. Until comparatively recently this principle has been thought

to hold only in respect to certain acute infectious diseases, but it is

now known to be of much wider application. Protection upon this

principle is usually known as vaccination. In some cases the germ-

free toxin IS used for a similar purpose.

In 1901 we conducted an experiment for the purpose of determin-

ing the influence of Koch's original tuberculin upon the resistance

of cattle to tuberculosis. In this experiment were used four cows

known by the numbers 2G5o4, 26555, 2055G, and 26557. Each was

tested with tuberculin before it was admitted into the experiment.

Two of these cows, 26554 and 26557, were given daily injections of 5

c. c. of concentrated tuberculin for ten days, from August 24 to Sep-

tember 2, 1901, inclusive. Each of the four cows in the experiment

was fed daily 100 grammes of hacked tuberculous lung tissue from a

cow, for ten days, from the 10th to the 19th of iSeptember, inclusive.

The first pair of cows. 26554 and 26557, that had received preliminary

injections of tuberculin were given subcutaneously 15 c. c. of concen-

trated tuberculin each day during the progress of the feeding upon

tuberculous material. The other two cows, 26555 and 26556, which

had not received the daily preliminary injections of tuberculin, re-

ceived no tuberculin during the experiment.

One of the cows (26554) that bad been treated with tuberculin,

and one (26555) that had not been treated with tuberculin were

killed November 25, 1901. The cow (26554) that had been treated

with tuberculin showed upon post-mortem examination lesions of

tuberculosis in the postpharyngeal and mesenteric lymphatic glands.

The control cow (26555) showed lesions of tuberculosis in the right
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Inn^ and in the broncliial and uuMliastiiial lymphatic jjlands, the post-

pharyngeal a^)d intoi-niaxillary lymphatic <;lands and in the mesen-

teric lynij)hatic "ilands. The lesions in this control cow were more

widely distribnted a«d more advanced than in the cow that had re-

ceived hirge quantities of tuberculin.

The other two cows of the experiment were killed December 16,

3901. In the first of thot'o (26557) which liad received the injections

of tuberculin, no lesions of tuberculosis were found exceptinji in the

mesenteric lymphatic jilands. A few of these jjlands of both the

small and large intestine showed small areas of caseation. The

second control cow (26556) showed lesions of tuberculosis in both

lunos, the bronchial, mediastinal and postpharyngeal glands; and

(he lympatic glands of the mesentery were more extensively involved

thao in tlie preceding cow.

From tliis it would appear that subcutaneous injections of the

toxin of the tubercle bacillus had had some influence in increasing

the resistance of these two cows to feeding tuberculosis.

E. A. deSchweinitz reported in the Medical News for December 8,

1894, some experiments made by him upon guinea-pigs, in which these

animals were inoculated with tubercle bacilli of human origin cul-

tivated for about twenty generations upon glycerin beef broth, and

were afterward inoculated with tuberculous material from a cow.

The guinea-pigs so treated remained free from tuberculosis, while

check animals inoculated with the same tuberculous material from

the cow died of tuberculosis within seven weeks. De Schweinitz also

sliowed that the twentieth generation of broth culture appeared to

be incapable of producing tuberculosis in a cow when she was inocu-

lated intravenously with a small quantity. De Schweinitz and

Schroeder report (U. F5. Dept. of Agr., B. A. I. Bulletin No. 13, 1896)

upon other inoculations similar in nature and confirmatory of the

above results. They show, further, that the attenuated culture they

were working with was not virulent for cattle when inoculated in-

travenously in quantities of 500 c. c. of suspension in liquid.

The immunizing etfect upon cattle of the administration intra-

venously of tuberculous material or of living cultures has been

studied by J. McFadyean and by von Behring.

McFadyean reported in the JouiTial of Comparative Pathology

and Therapeutics for June, 1901, and March, 1902, upon some experi-

ments regarding the immunization of cattle against tuberculosis. He
inoculated four cattle intravenously with emulsions of tuberculous

material and cfiltures from various sources. One of these cattle,

which had responded to the tuberculin test, and was, no doubt, tuber-

cular upon the beginning of the experiment, was given about 150 c. c.

of tuberculin in divided does before inoculation. Fifteen weeks after

inoculation this animal was killed and was found to contain but one
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tubercle, the size of a pea aixl ( oiiiijletely calcified, in a mesenteric

gland. Two control cattle inoculated with an equal dose of the same

maierial died of generalized tuberculosis. Of the other three cattle

of (he series one was tubercular at the beginning of the experiment.

All of these were inoculated intravenously from seven to eleven times

during a period of from two to three years with emulsions of tuber-

culous materials and with cultures from various sources. It is in-

teresting to iiote that the first inoculation upon each of the cows

that was free from tuberculosis at the beginning of the experiment

was made with avian material which was probably of very low viru-

lence for cattle. The cattle so inoculated died of tuberculosis after

two to three years from the beginning of the experiment, and in each

case the chief lesions were in the kidneys aud the brain or its cover-

ing membranes. The cerebral lesion appears to have been the imme-

diate cause of death in each instance. There can be no doubt that

thes animals were remarkably resistant to tuberculosis, because they

lived for months or years after repeated inoculations with large

quantities of material of proven virulence for cattle.

Von Behring announced December 12, 1901, thaf he was engaged

in studying the immunization of cattle against tuberculosis, and he

has since published a report (Beitrage zur Experimentellen Ther-

apie, ITeft 5, 1902) upon his work. He details experiments upon sev-

eral cattle treated with injections of tuberculin and with cultures

of varying degrees of virulence and from several sources, and also

inoculated with tuberculous material or cultures of proven virulence.

It may be noted that a pure culture virulemt for cattle was not avail-

able for use in von Behring's work until 1901. The experiments

upon seven cows specially reported were commenced between July

and December, 1901. These cows have all received repeated injec-

tions of tuberculin and of tubercle virus of low and high virulence.

All of the protected cows are still alive excepting ooe that was killed

and was found to have numerous tubercular nodules in the lungs,

although these were believed to be retrogressive. This general ex-

periment cannot be looked upon as finished, and any report upon it

must be regarded as incomplete until the cows die or are killed and

ai'e examined post-mortem. The cows may appear to be io good

health now, but notwithstanding, they may be extensively tubercular.

However, that they are alive after receiving quantities of virulent

tuberculous material that are sufficient to kill untreated cows shows

that they have extraordinary resistance to tuberculosis. The

method used to treat these cows was not systematic nor the one that

he now recommends upon the evidence of experimeuts not j'et pub-

lished. The method now recommended by him is to inject intra-

10—6—1902



i:r, ANNUAL REPORT OP THE Off. Doc.

venously 0.001 gramme of a sciaijiug from a serum culture of tubercle

bacilli dried in vacuum, powdered, aud suspended iu water. The

culture used for this purpose was obiaiued originally from human
sputum and has been grown in his laboratory since 1895. After

four weeks a second injection is made containing twenty-live times

the original quantity of tubercle bacilli, or 0.025 gramme. Von Beh-

riog has now underway extensive experiments planned to test the re-

sistauce of immunized calves to natural infection from association

with infected animals in contaminated premises.

Since 1896 tuberculosis of cattle has been the subject of special

and extensive study and experimentation iu the laboratory and re-

search station of the Pennsylvania State Live Stock Sanitary Board.

During this time the viruleuce for cattle and other animals of tuber-

cle culture and material from many sources have been tested by Dr.

M. P. Ravenel, Dr. John J. Repp, and ourselves. The results of some

of this work have been reported upon several occasions to this Society

by Dr. Kavenel and to the British Congress on Tuberculosis iu 1901.

Some experiments looking toward the development of better methods

for repressing tuberculosis iu herds have been reported by Dr.

Leonard Pearson.

It has been shown by numerous experiments that the sputum of

persons suffering from consumption aud cultures of tubercle bacilli

made from such sputum are usually comparatively non-virulent for

cattle. It is important to know, further, that a given culture of

sputum tubercle bacilli is incapable of producing serious disease in

such quantities as it may be necessary to use in an attempt to in-

crease an animal's resistance to tuberculosis.

The following experiment throws light upon the question as to

the quantity of culture of this kind that may be administered and

the effect of repeated inoculations made in four ditierent ways. A
Jersey heifer (26415) shown by tuberculin test to be free from tuber-

culosis was inoculated iutraperitoneally September 29, 1900, with

4 c. c. of a standard suspension^ of human sputum culture that had

remained in a collodion capsule in the abdominal cavity of a bull for

seven months, and was then regained in pure culture by Dr. Ravenel.

The third generation on blood serum furnished the material for this

inoculation. The heifer was inoculated intravenously March 15, 1901,

with 13.5 c. e. of a standard suspension of tubercle bacilli, probably

of human origin, that had passed through a coati (Nasua narica), and

were recovered iu pure culture by Dr. Theobald Smith in 1895. This

culture had afterward remained about one year in a collodion capsule

in the peritoneal cavity of a heifer, had been recovered by Dr. Ravenel,

IBy a standard suspension Is here meant a suspension of tubercle bacilli in water in such

quantity as to give an opacity equal to that of a twenty-four-hour culture of typhoid bacilli In

bouillon. 1 c.c. of such a suspension is estimated to contain the equivalent of 0.0O13 gramme of

tubercle bacilli after drying ten days in a desiccating chamber over calcium chloride.
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and the third geueratiou on blood serum after recovery supplied the

nialerial lor the prt,'seut inoculation. A second iutravenous inocula-

tion with iU c. c. ol similar suspension was made June 1, lUUl. Au-

gust 23, lUOl, this heifer was inoculated with 2U c. c. of a standard

suspension in water of a culture [H) of tubercle bacilli from human
sjjulum. This quantity of material was divided into four parts of 5

c. c. each, and these parts were injected beneath the skin, into the

peritoneal cavity, into the jugular vein, and into the lung, respec-

tively. These injections were repeated at intervals of from seven to

ten days until January 29, l'JU2. The (juautity of standard suspen-

sion was increased lU c. c. with each successive inoculation, so that

at the last, the eighteenth, inoculation the total quantity given was
160 c. c. The total quantity given in this series of inoculation was
1707 c. c. of standard suspension. There was a rise of temperature

of from two to four degrees following each inoculation after the first

one. The hrst inoculation caused no temperature reaction. The
heifer was in strong, thrifty condition at the completion of the series

of inoculations, and improved in condition throughout the following

months. It was killed August 14, 1UU2. The condition was good,

and there was an abundance of fat upon the carcass and about the

intestines. The post-mortem examination revealed the lungs to be

normal in color and elastic; they were free from nodules, but were

attached to the cliest w'alls along the lower borders by fibrous bauds.

A few flakes of fibrin were found upon the omentum, and these flakes

contained a few calcareous nodules about one-twelfth of an inch in

diameter. The liver was adherent to the diaphragan over an area

live inches in diameter.

A yearling grade short-horn bull (2()442) after having been tested

with tuberculin and proven to be free from tuberculosis, was inocu-

lated iutraperitoneaily November lU, lUUO, with IG c. c. of a suspen-

sion of tubercle bacilli from a culture from human sputum that had

remained in a collodion capsule in the peritoneal cavity of a bull

for seven mouths. The third generation on blood serum after re-

covery furnished the material for this inoculation. March 17, 1901,

this bull was inoculated intravenously with 18.5 c. c. of a standard

suspension of a culture similar to that used in the inoculation of

the above heifer (2G415) on March 15 and June 1, 1901. This animal

was subsequently inoculated in the same manner as the heifer, re-

ceiving eighteen inoculations between August 23, 1901, and Janu-

ary 10, 1902. He received in ail 1710 c. c. of standard suspension.

He reacted following the inoculations very much as the heifer, al-

though somewhat more slowly. He remained in good condition and

apparent good health until he was killed, excepting for the develop-

ment of an abscess over the jugular vein, which was opened Novem-

ber 22, and afterward healed nicely. January 18, 1902, this bull was
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iuocLilaled iiitraperitoneally with 10 c. c. of a slaudard suspeusion

of lubercle bacilli from a culture (H) of boviue origiu. The viruleuce

of this culture for cattle had been proven by numerous iuoculatiocs,

among which the folio vviug may be mentioned: A cow (2G431) weigh-

ing 950 pomids was inoculated intravenously January 8, 1001, with

5 c. c. of a standard suspension from a culture of bovine tubercle ba-

cilli H. The cow lost weight rapidly to 750 pounds, and died March

4, 1001. I'ost-mortem examiuation revealed most extensive miliary

tuberculosis of tlie lungs. Another cow (20133), weighing 008 pounds,

was similarly inoculated at the same time, and died January 20 of

miliary tuberculosis of the lungs. This cow received two injections

of tuberculin of O.-l c. c. each on January 16th and 22d. Both of these

cows had been shown (o be free from tuberculosis by tuberculin test

before they were inoculated. A red heifer (45072), about eight months

old, was tested and did not react. It was inoculated intraperi-

toneally April 30, 1902, with 5 c. c. of standard suspension of bovine

culture H. It died June 7, 1902, and was found to contain extensive

lesions of tuberculosis upon the peritoneum and abdominal organs,

and the lungs, also, were crowded with small tubercles. The bull

(26442) was killed August 13, 1902. The general condition was good,

and there was much fat upon the carcass and about the internal

organs. The pleura lining the lower half of the chest was covered by

a sheet of partly organized fibrin from one-eighth to one-third of an

inch thick. The lungs themselves contained a few nodules about one-

half inch m diameter surrounded by thick walls and containing

caseous pus in which there were many tubercle bacilli. These

nodules did not seem to be progressive, and appeared to be abscesses

indicating the sites of previous inoculations. The peritoneum cov-

ering walls, the stomach, intestines, spleen, and liver was coated

with a layer of partly organized fibrin, as in the chest. The lymphatic

gla«ds about the rectum were enlarged and caseous. The surface

of the omentum was rough from the presence of a thin layer of partly

organized fibrin. The omentum was thickened in places, but there

were no distinct nodules. From the fact that the fibrinous coating

of the serous membranes was as pronounced in the thoracic as in the

abdominal cavity it is probable that the virulent culture of tubercle

Ijacilli iiijected into the abdomen has little to do with the production

of this deposit, which may readily have resulted from the discharge

Gf a pulmonary abscess into the pleural cavity or the discharge into

the peritoneal cavity of the purulent contents of one of the softened

lymphatic glands in the pelvis.

It is evident that the sputum tubercle bacilli used for the inocula-

tion of these two animals (26415 and 26442), even in the exceedingly

large quantities in which they were employed, were incapable of caus-

ing general tubercular infection. Even the intraperitoneal inocula-
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tioii of tlu' bull with a (luautily of virulent culture nearly twice as

great as was necessary when similarly administered to kill an un-

lifotected heifer did not, so long as he was permitted to live, appre-

ciably disturb his gc4»eral health. The humau sputum culture M
used for these inoculations was obtained by Dr. Ravenel from the

sputum of a consumptive woman in September, 181)1). As a further

indicatiou of its degree of virulence^ it may be noted that two guinea-

pigs were inoculated, subcutaneously, December 18, 1901, each with 1

c. c. of a staiulard sus[)cnsion of this culture. One guinea-pig died

March 8 and the otlier March 20, of geiieralized tuberculosis. Two
rabbits were also inoculated December IG, 1901, each with 2 c. c. of

the same suspension. Both died suddenly in June, one on the 3d

and the other on the 10th, from having been given improi»er food.

Both were free from all evidence of tuberculosis and showed no al-

teration excepting dili'use redness of the intestines.

These experiments tend strongly to show that cattle may be re-

fractory to enormous quantities of tubercle bacilli from human spu-

tum when injected into the blood beneath the skin, into the peritoneal

cavity or into the lungs; and the result upon one of the animals (the

bull) indicates that after such treatment the resistance to virulent

culture of bovine origin may be increased.

An experiment was inaugurated in March of this year, to again,

and more definitely, test the immunizing value of repeated intra-

venous inoculations of cultures of sputum tubercle bacilli not viru-

lent for cattle. For tlH> juirpose of this experiment four young cattle

were used, as follows: A black and white bull, sixteen months old

(460GG); a red heifer, twelve months old (4r)()()8); a red heifer, fifteen

months old (450G7), and a red heifer, eleven months old (45071). All

were tested with tuberculin and were })roven to be free from tuber-

culosis. They were divided into two groups of two each as nearly

equal as possible in respect to age, size, and general condition. The
animals of one group were inoculated intravenously seven times be-

tween March 24th, and June 2, with gradually increasing quantities

of from 10 c. c. to 2.5 c. c. of a standard suspension of a culture of

sputum tubercle bacilli. In all, 125 c. c. of this suspension were ad-

ministered, representing about 0.1 G gramme of tubercle bacilli.

Each of the four animals in this experiment—the two that had

been vaccinated (450G(! and 450G8) and the two kept as controls (450G7

and 45071)—was inoculated July 29th by injecting into the trachea

10 c. c. of a standard suspension of bovine tubercle bacilli (culture H)

known to be virulent for cattle. The intratracheal method of inocu-

lation was used, because it furnished a means of conveying tubercle

bacilli into the organs most frequently infected in nature and in a

manner unattended by disturbance of function or with material
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Ii'auniatisrn. It seonied to give a mode of infection closely resemb-

ling the natural one. One of the vaccinated cattle (450G8) was killed

October 4th. A searching post-moitem examination revealed all of

the organs, including their lymphatic glands and covering mem-
branes, to be free from all evidence of disease, with the exception

of a slight fibrous thickening of the wall of the jugular vein at the

point of vaccination. At the site of the intratracheal inoculation of

July 29th there was no mark, and the mucous membrane lining the

trachea was entirely normal.

A control heifer (45071) killed October 8th showed the following

upon post-mortem examination: At the point of inoculation, upon

the outside of the trachea and beneath the skin, there was a globular

abscess about three-quarters of an inch in diameter, containing

cheesy pus. The mucous membrane of the trachea showed a num-

ber of small, reddish elevations (tubercular) below the point of

inoculation. The lungs were studded upon the surface and upon

cross section with grayish nodules one-quarter to one-half an inch

in diameter, the centres of which were caseous. These tubercles

were evenly distributed in both lungs and roughly averaged from

one to one and one-half inches apart. They could be plainly seen and

felt through the transparent pleura. The apex of the right lung con-

tained a caseous area two inches in diameter, which was made up

of manj' adjacent small tubercles. Tlie bronchial and mediastinal

lymphatic glands were enlarged and contained cheesy areas from

one-sixteenth to one-third of an inch in diameter. The post-pharyn-

geal lymphatic glands were enlarged to the size of an egg,hyperfemic,

and on section show^ed numerous caseous areas.

The second vaccinated animal (45006) was killed October 16th. At
the two points of insection of the needle when the animal was inocu-

lated, July 29th, there were two somewhat hard, globular fibrous

thickenings one-quarter to three-fifths of an inch in diameter, respec-

tively. Within the trachea, and occupying positions corresponding

to these, were two very small tpin-hend) grayish elevations in the

mucous membrane. Upon section it was found that the upper of

these small thickenings was made iip of fibrous tissue, the lower (the

smaller one) contained a focus of caseous material surrounded by

thick, fibrous walls. The whole appearance was that of a closed

process. No other lesions were found in any part of the body. All

of the organs, their lymphatic glands and covering membranes, ap

peared to be quite normal. There was no thickening of the wall of

the jugular vein at the point of vaccination.

The second control (unvaccinated) heifer (45067) was killed Oc-

tober 16th. The post-mortem report is as follows: Beneath the skin

in the middle of the neck, at the point of inoculation, there was an

abscess about two inches in diameter that contained cheesy pus. All
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of the inferior cervical and suprasternal lymphatic glands were en-

larged to several times their normal volume and contained numerous

areas of caseation. Within the trachea, from the point of inoculation

dowu to its bifucatioii and up to the glottis, the mucous membrane
lining the ventral half of the tube was thickly studded with oblong

red, and evidently young and progressive tubercular growths. These

formations were from one-sixth to one-half an inch long, and about

iwo-j;hirds as wide; they stood above the surrounding surface from

one-twelfth to ooe-half an inch. The postpharyngeal lymphatic

glands were enlarged to the size of a hen's egg and loaded with

(;aseous material. The lungs contained many grayish nodules one-

eighth to one-quarter of an inch in diameter. The smaller were

grayish throughout, while the larger had yellow, cheesy centres.

These nodules were not set so thickly as in the other control heifer

(45071). They averaged from four to five inches a part, and were

very evenly distributed throughout both lungs. The mediastinal

and bronchial lymphatic glands were enlarged to twice their normal

size and contained much caseous material. Many (about eighteen)

of the lymphatic glands of the mesentery were enlarged and caseous.

No alteration could be found in the mucous membrane or the walls

of the intestine. The infection of the mucous membrane of the

trachea above the point of inoculation appears to have been due to

the carriage upward by coughing of some of the tubercle bacilli

at the time of inoculation. It is well known that cattle habitually

swallow their expectorations, and this may account for the infection

of the postpharyngeal and mesenteric lymphatic glands.

From the experiments here recorded we believe that we are justi-

fied in concluding:

1. That after repeated intravenous injections of cultures of tuber-

cle bacilli from human sputum the resistance of young cattle to viru-

lent tubercle bacilli of bovine origin may be increased to such an ex-

tent that they are not injured by inoculation with quantities of such

cultures that are capable of causing death or extensive infection of

cattle not similarly protected.

2. That by intravenous injection much larger quantities of culture

of human sputum tubercle bacilli than are necessary to confer a

high degree of resistance, or immunity, upon the vaccinated animal

may be administered without danger to that animal.

We now have in progress incomplete experiments upon a number
of young cattle, some of which have been underway since last March,

for the purpose of testing the duration of this immunity and the ex-

tent to which it is effective in protecting cattle against infection

from natural sources. We have also started an experiment which

we hope will throw light upon the open question as to the minimum
quantities of culture of non-virulent tubercle bacilli that it may be
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necessary to administer in order to confer a serviceable degree of im-

munitj, and, I'urlher, whether it may be possible to simplify the pro-

cess of vaccination by successive injections of a few cultures of pro-

pressive degrees of virulence.

In conclusion, we wish to express our thanks to Dr. M. T. Ravenel

and to Dr. 11. C. Campbell; to the former for the originals of most of

the culture used, aod to both for ge«ieral assistance during the pro-

gress of the experiments. We also wish to thank the authorities of

the Veterinary Hospital and of the Pepper Clinical Laboratory of the

University of Peniisylvania, who have generously furnished the

State Live Stock Sanitary Board with a laboratory and with other

facilities, without which its research work would have been impos-

sible.

Anthrax.-—Anthrax has occurred in the following counties: Brad-

ford, Chester, Clarion, Cumberland, Erie, Franklin, Jefferson, Lan-

caster, Lycoming, McKean, Perr^-, Sullivan, Susquehanna, Wayne,
Warren and Wyoming. There have beeo from one to twenty deaths

from each outbreak. The use of anthrax vaccine has continued to

afford valuable protection to animals necessarily exposed to the dis-

ease. There are still localities and farms in the State where it is

impossible to raise cattle without the protection of vaccination

against anthrax. Such vaccination not only protects the animals

that are vaccinated but, by keeping them from contracting the dis-

ease, the infection of the soil is prevented and thus new centers of

infection are kept from occurring. The number of animals that it

has been necessary to vaccinate is G88. In view of the public im-

portance of preventing outbreaks of this most dangerous disease it

has been considered justifiable to carry out such vaccination at the

expense of the State, and this has been done in every case. No
animal has died of anthrax during the past year after it has received

the double vaccination.

The act passed by the last Legislature to provide for the preven-

tion of the spread of disease from the carcasses of animals that

die of dangerous or virulent disease, has proved to be of

great value. This act makes it necessary for the owners

of such animals to care for their carcasses. If the carcass

is neglected and is permitted to lie on top of the ground the germs

of the disease that are spread from it by currents of water, by insects,

by large animals or even by the air, may serve to infect a large area.

The a.ct referred to provides a penalty for neglect of such carcasses

after the owner is notified as to their existence; and it provides

further, that where such neglect occurs the carcass shall be disposed

of by the State Live Stock SanitaryBoard or thelocal board of health,

or, in the event that there is no local board of health having jurisdic-
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tion, then by the township auditor of the township in which the car-

cass may be. The cost of disposing of the carcass in this way is to be

paid by the State Live Stock Sanitary Board, and is to constitute a

lien on the property of the owner of the animal at the time of its

death, and it is the duty of the State Live Stock Sanitary Board to

attempt to recover by due process of law from the owner the amount
expended by it in disposing of or destroying the carcass.

So far as is known, no additional outbreaks of anthrax have oc-

curred in this State as a result of infection from outside of our

borders. The owners of cattle io the localities where the disease is

most prevalent are now informed as to the urgent necessity of cremat-

ing the carcasses of all animals that die of this disease and of vac-

cinating cattle on exposed lands. These are the most important

points to observe in connection with the control of an outbreak of

anthrax and by means of them the disease is kept well in hand in

this State.

The thing that it is first necessary to determine where anthrax is

suspected is whether the disease is anthrax or not. It is safest not to

attempt to settle this question by making a postmortem examination

on the carcass of the suspected animal. Where such a postmortem

examination is made the operator exposes himself to grave danger.

Many lives have been lost from anthrax as a result of wounds in-

fected from carcasses of dead animals. Moreover, if the carcass is

oi)ened the blood flows upon and into the surrounding soil. This

blood, if the animal died of anthrax, is loaded with germs and spores

of this disease. iSpores of the anthrax bacillus are exceedingly re-

sistant organisms and will live in the soil exposed to all the changes

and extremes of temperature and moisture for a period of several

years; possibly as long as ten years. When soil is infected in this

way there is constant danger to animals that graze over it or that

feed upon the products from it, or that drink water that has flowed

over it or through it.

If the daagnosis cannot be made from the symptoms alone, it is

best to treat the carcass as though it was known that the animal

had died of anthrax, and thus be on the safe side, but in order that

the facts in the case may be revealed and uncertainty avoided in

future cases of a similar nature, a sample should be sent to the la-

boratory of the State Live Stock Sanitary Board, 36th and Spruce

Sts., Pthiladelphia, for examination. This sample should consist

of an ear of the dead animal cut off close to the head. Such a speci-

men will contain enough blood to enable a bacteriologist

to make a diagnosis of anthrax or to exclude this disease.

The ear should be wrapped in waxed parchment paper us-

ing several thicknesses and covering the package several times with

separate sheets, so that leakage may be impossible. Or, the ear

may be placed in a glass fruit jar which may be sealed. The package

11
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or jiir slioiild llicii be itlMccd ill a larj^c bucket, such as a tobacco or

candy bucket and surrounded with ice. It is then ready to be ex-

pressed to the hiboraloiy. A taj^ should be afllixed stating the name

of the sender and a h'tter should be written giving all the known

facts as to tli<^ histoi'.v and nature of the disease.

It has been shown by some recent experiments made by Lothes

and Profc'' of Cologne, that anthrax spores pass with the help of

water through strata six feet thick of very compact sand and gravel

in about thirty hours. This established fact goes to show how dan-

gerous it is to bury tlu' carcass of an animal that has died of anthrax,

and supports the opinion that it is always best to dispose of such car-

casses by burning. T«istructiofi8 have been given in a previous re-

I)ort for burning anthrax carcasses. An effective method is to use

railroad ties or large sticks of timber from six to ten feet long. A
layer of these is to be laid on the ground, the sticks being parallel;

a second layer is then to be laid, the sticks being at right angles

to those of the lower layer. The wood should then be well wet with

coal oil and the carcass drawn to the top of the pile by sliding it along

on skids. Skids can be made of round poles five inches in dia-

meter a«id ten or twelve feet long. A pile of from eight to twelve

railroad ties will suffice to cremate the carcass of an animal weigh-

ing 1,000 pounds.

Some experiments made by Dr. Prof^ in cremating the carcasses of

animals are very instructive and hisi results are stated below. His

article on this subject is published in the Berlin Veterinary Weekly,

and is abstracted in the Veterinary Journal, Vol. VII, No. 37, in

part as follows

:

"It has been thought impossible to destroy carcaisses at an open

fire, but Dr. Profc'' says that in 1900-1901 in the province of Posen he

destroyed, with the approval of the owners, several anthrax infected

carcasses in this way. The burning was effected in a comparatively

short time and with wonderfully little expenditure of fuel if the

carcass was placed on iron rails placed over the pit. He re-

lates a case in point: A well nourished cow had fallen a victim to

the disease and the carcass was brought out into a pasture field,

where a po'stmortem w-as held by the veterinary surgeon of tftie

place. As the transport of the carcass to the ordinary burial place

of the diistrict was not possible with the means at hand, and as there

seemed' to be no other means of disposing of the carcass, it was re-

solved to tr}" burning. For fuel; peat briquettes were used, with

petroleum to set them on fire. When the thing was fairly ablaze

the farmer stopped the supply of fuel, but thanks to the

amount of fat on the animal the burning was completed, but

it took nearly forty hours to effect the destruction of the animal,

which weighed some 1,100 pounds. The cost was about 75 cents.

Drs. Lothes and Prof^ resolved to try burning over an open fire at
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the iiimiiciinl iHiivin.u' place a( ('oloj-'iic. On the intli of July the

skinned carcass of a horse was, with its enlrals, \veij;liing in all about

1,200 pounds burnt <»v(i' an open tire. This fire was li<;ilited in a pit

about three feet dvv\K and oxer it the carcass was placed on two iron

rails about six feet lonu, lyiiii; diai^onaliy. For fuel there Nva® used

200 pounds wood, .'>00 pounds of briquettes and 50 pounds of coal

tar. At the b<\iiinnin<;- 50 ])ouiids of wood and 50 pounds of briquetts

were set on lire under the carcass, which was soaked in tar, and the

rest of th< fui-l was used as reipiired. The lire wa« lighted at G P. M.

and on the following day at 2 V. M. there was only a small heap of

siuoking ashes. Smoke lasted only until the tar was consumed. The

cost was ^1.75. Anotiher case lasted tw^enty-six hours and co«<t about

|2.00. A third case, this time an ox, lasted only eight and a quarter

hours and cost |1.75. It was found that tar keeps up the flame bet-

ter than resin and much better than petroleum. In these three

cases the influence of the wind was found to be unfavorable whether

it blew along or across the pit. It was therefore found to be desira-

ble to make the pits deejjcr and lay tilie carcasses further down and

this was arranged in the following w^ay: A pit was made about six

feet long, six feet broad and two and one-half feet deep, and then a

further excavation was made of the same length and breadth but

only 36 inches broad, so that part of the "floor'' of the upper exca-

vation formed the borders of the lower IS inches on each side. On

these borders the iron rails were placed diagonally, and on t(he rails

the disembowelled carcass was laid, belly downwards. The fuel

had, of course, beew previously laid on the floor of the lower pit. The

viscera was placed on the borders of the lower pit, whence, as the

process of cremation went on, they fell gradually into the glowing

mass. A few cases may be cited in illustration of the process: A
horse weighing about 1,000 pounds was cremated with 650 pounds

of wood; the operation took about ten hours and cost about |2.00.

Another horse, weighing about 850 pounds, was cremated with 450

jfounds of >\ood and oO pounds of tar; the operation took five and one-

half hours and cost |1.75. An ox weighing 600 pounds was cremated

with 300 pounds of wood and 30 pounds of tar; the o])eration lasted

three and on.e-half hours and cost |1.25. It is noted by the writers

that town prices were charged for the wood, in the country it would

be very much cheaper. They distinctly recommend the second

method (the double pit) as requiring less fuel and occupying less

time; besides, it is independent of the wind, and as the pits have

often to be dug the day before the operation this is no small matter.

They further recommend coal lar as preferable to petroleum, and

advise that the carcass be smeared with it before burning. The

place of cremation need not be very carefully cho^sen. Smoke ie
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developed only at tihe beginning of the operation, and therefore lit-

tle annoyance may be feared from this cause. The same may be

saJd about the gases evolved in the process; no smell was percepti-

ble more than one hundred yards away, and this only in the direction

of the wind. Of course the cremation ought to take place on the spot

where the post-mortem is held, and that must be at least one hundred

yards away from human habitation."

Black Quartei\—Black quarter has been found to exist in tihe fol-

lowing counties: Erie, Forest, Franklin, Jeflerson, Lackawanna, Mon-

roe, Pike, Perry, Potter, Susquehanna, Wayne and Warren. The

principle of controlling this disease is similar to that observed in

controlling anthrax. It is necessary to prevent the contamination

of the soil by burning the carcasses of the victims of this disease.

Vaccination against it is ettective and has been applied during the

year to 765 animals. On some farms the rearing of young cattle

without vaccination is impossible. The vaccine used for this work

has been obtained from Dr. D. E. Salmon, Chief of tihe Bureau of

Animal Industry, Washington, D. C, and has been effctive in every

instance.

Haemorrhagic Septicaemia or Spotted Fever of Cattle.—This is

the disease that has been known heretofore in Pennsylvania as "Car-

bon County Disease" or '^Mountain Disease of Cattle;" it is

known in Germany as "Rinderseuche" and in southern Eu-

rope as "Barbone." It has existed in Pennsylvania for many years,

but has not been positively identified until the past summer. In an

investigation of an outbreak in Carbon county, in the vicinity of Ta-

mauqua, made by Dr. Gilliland and myself, it was possible to obtain

complete proof as to the identity of this disease and tlhere can be no

doubt that the various outbreaks of a similar nature that haA oc-

curred in the rougher and mountainous parts of the State are albo

occurrences of the same malady. This disease is believed to have oc-

curred during the past year in the following counties: Cameron, Car-

bon, Centre, Clearfield, Franklin, Forest, Huntingdon, Lackawanna,
Lycoming, Perry, Potter, Somerset, Wayne and Warren. The chief

symptoms are: Fever, loss of appetite, dullness, diminution of milk

flow, groaning, discharge of bloody mucous from the nose, staring

coat, red mucous membranes, sw^elling about the tlhroat; which is

hot, rather tense and painful and is sometimes accompanied by harsh

or difficult breathing. There is usually a little discharge of blood

from the anus. Sometimes there is a little leakage of blood through

the skin at various points as though the animal had been etuug by

large flies or pricked with needles. In other cases tihe disease seems
to affect the intestinal tract chiefly and in this case there is a diffuse

haemorrhagic gastro enteritis, causing much depression, accumulation

of gas, evidence of pain in the abdominal cavity and the faeces are
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covered with blood, shreds of lirbin or mucous. The course of the

disease is usually short, varying from twelve hours to a week, and

it terminates in death in nearly all cases. On post-mortem examina-

tion it is observed that the tissues beneath the skin in the region of

the throat are intiltrated with serum aud that scattered through this

infiltrated area there are many points of haemorrhage; sometimes

the haemorrhage is extensive causing the entire infiltrated area to

be of a red color. This swelling about the throat usually involves

the walls of the piharynx and larynx. The root of the tongue is often

swollen and infiltrated with yellow serum. Points of haemorrhage

may be observed beneath the skin on any part of the body. Some-

times the lungs show evidence of haemorrhage into them and there

is an accumulation of blood in the chest cavity. If the intestines

are involved there is haemorrlhage into large or small areas of the

wall causing it to be of dark red color and considierably thickened.

The appearance of the blood is not materially altered; it coagulates

in the usual way. The most characteristic alterations are the points

of haemorrhage indicating an escape of blood from the vessels into

the subcutaneous connective tissues and into the lining membranes of

the adbominal and thoracic cavities and into the swollen areas about

the throat and at the root of the tongue. Young or old cattle may
be afflicted by this disease.

The cause of haemorrhagic septicaemia is a bacillus that was dis-

covered by Kitt in 1885. This organism has since been studied by

numerous bacteriologistis in various parts of the world and has been

identified as the cause of this disease in Italy, France, Algiers and

Denmark as well as in Germany. In 1891, it was shown by Brim-

hall and Wilson to be the cause of a disease occuring among the cat-

tle of Minnesota that they proved to be identical with tihe German
'^Rinderseuche.'' It is somewhat difiicult to obtain primary cultures

of this germ from the blood or tissues of an afflicted animal; special

culture methods have to be employed.

This disease may readily be mistaken for anthrax, black quarter or

some kind of forage poisoning. In anthrax the bacteriological ex-

amination readily established the diagnosis and removes all doubt.

In black quarter the swelling is not likely to be confined to the re-

gion of the throat and head as in this disease, but is likely to in-

volve the side of the body or one of the legs. Moreover, the swelling

is not tense and hard as in haemorrhagic septicamia or spotted

fever, but is soft, elastic and crackles upon pressure. WTien cut

into, the swelling of black-leg is found to contain a very dark,

frothy fluid. Forage poisoning can be recognized only by taking

into careful consideration the history of each case and the local con-

ditions. Perliaps the most common form of forage poisoning of
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cattle is (lie so-called "corn stalk disease." This has been recognized

a number of limes in l'enns\i\aiiia. This disease occurs among cat-

tle fed on corn fo(h!ci 1 iiat lias been poorly cui'tMl niid is iiiorc or h'ss

danuiged b_v mould. (Mhci- (laniagcd foods m.iy jiroduc<' condition

very similar to "corn slaik disease."

Haemoriliagic sei>ticaemi:i or sjiojicd fever of cattle can be pre-

vented from spreading by reslricting the movement of animals afflict-

ed with the disease. Such aninuils should be kept near (he place

where they are found when the disease is recognized, and if they die

their carcasses should be cremated in the same nuuiner as the carcas-

ses of animals dying of anthrax. The internal treatment of afflicted

animals has not been successful enough to alVord much encourage-

ment. The most successful method that has been tried, so far as I

know, consists in the intravenous administration of a solution of col-

loidal silver. The premises occupied b}' the diseased animals must

be very thoroughly disinfected. Lauds that are known to be infected

should not be used for cattle for a few years.

Numerous experiments have been made with the view of obtaining

a vaccine against this disease, and these have met with a certain

amount of success. Vaccination of cattle against haemorrhagic sep-

ticaemia is said to be practiced extensively in i)arts of Russia and it

has been ti'ied in Italy. This system of protection has* not been ex-

perimented with in the United States, and so there is no information

as to its value under the conditions existing here. Attempts will

be made to determine the precise distribution of this disease and

to place in the hands of persons concerned so much information

as is available in regard to tllie means to be employed to prevent it.

Ahorticm,.— Abortion of cattle has been reportc^d from various

sections of the State and appears to be in some places a common
scourge of breeding herds. Fortunately, it is less common than

was formerly tlie case, and this is due, no doubt, to the fact that it

can now be prevented or erjidicated from an infected herd by the

use of a]»propriate precautions or treatnu^nt. The means that are

proven to be successful as a result of numerous trials and experi-

ments are summarized below:

DIRECTIONS FOR THE TREATMENT OF AN ABORT-
ING HERD.

1. Burn aborted foetuses and membranes.

This material carries the germs of abortion in abundance and burning

or deep burial furnish the only means of getting rid of it in a safe way.

2. Isolate discharging cows.

The vaginal discharge from cows that have aborted is very virulent

and may furnish the means of infecting other cows. Hence, discharg ng

cows should be kept apai-t from the herd.
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3. Disinfect the premises.

This procedure should be executed with the most exacting care. Par-

tial or inefficient disinfection is practically useless. To disinfect, where

fumigation with the vapor of formaldehyde cannot be employed, the

spray pump furnishes the best means. It should be borne in mind that

disinfectants do not destroy germs that they do not come in contact with.

So, all large accumulations of bedding, forage and manure should be re-

moved and every place that may harbor a germ should be reached with

the disinfectant. Especial care should be used to drive it into every

crack, knothole, behind every loose board, on top of every beam and

into every partly concealed hole as well as upon every exposed surface.

A five per cent, solution of good (not crude) carbolic acid may be used

for this purpose.

Following the disinfection by spraying and the cleaning of the stable,

it may be whitewashed with lime wash containing one pound of fresh

chloride of lime to each three gallons of water. This may be applied

with a brush or, better, with a spray pump.

The barn yard should be well cleaned out, the manure being spread in

some field that cattle do not have access to. The bottom of the yard

should be well scraped and the earth stained with leachings from manure

should be removed. Then, the surface of the yard may be flushed with

a saturated solution of sulphate of iron or thickly spread with lime. The

outer well of the barn, facing on the yard, and the adjoining fences

should be disinfected or whitewashed.

4. Irrigate the genital passages of the cows that have aborted.

The purpose of this procedure is to disinfect the genital passages. A
convenient method is as follows: Hang a bucket containing the anti-

septic solution back of the cow. To a spigot on the side of this bucket

attached a rubber hose five-eighths inch in diameter and about six

feet long. Insert the hose into the vagina and, if possible into the uterus

of the cow. Allow from three to four quarts of the warm solution to flow

into the cow and out. Take a fresh hose and irrigate the next cow, al-

lowing the hose first used to soak in an antiseptic solution in the mean
time.

This treatment should be repeated every second or third day so long

as there is any discharge from the cow. Afterwards it may be used once

or twice a week. As appropriate solutions, the following are recom-

mended: Lysol, one per cent.; creolin, two per cent.; bichloride of

mercuiy, 1-3000; carbolic acid, one and one-half per cent.; boracic acid,

three per cent.; permanganate of potash, one per cent.; alum, one per

cent; chloride of zinc, two per cent. The last injection, two days be-

fore service, should be bicarbonate of soda, two per cent.

5. Irrigate the sheath of the bull.

The purpose of flushing out and disinfecting the sheath and the out-

side of the penis of the bull, is to prevent him from carrying the germs

of abortion from one cow to another. This procedure should be en-

forced before and after each service. This is very important. The sheath

may be flushed out by using a small rubber hose and funnel. The end of

this hose is to be inserted into the sheath beside the penis, the fore-skin

is held together with the fingers and the antiseptic is poured into the

funnel. A one per cent, solution of lysol is good for this purpose.
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6. The long hair at the end of the bull's sheath should be cut off.

Moreover, it is well to clip the hair from under the belly over a circle

one foot in diameter surrounding the opening of the sheath. Then, by

washing with a sponge this area can easily be cleaned before each service.

7. Wash off the external genitals of each cow every day.

For this purpose use any of the antiseptic recommended above. They

can be applied with a clean sponge. The parts washed should comprise

the root of the tail, the anus, the vulva, and the surrounding skin for a

distance of several inches, and the corresponding portion of the tail. A
separate bucket and sponge should be used for the cows that are preg-

nant and those that have recently aborted.

8. Do not breed a cow for ten weeks after she has aborted.

About ten weeks are required for the thorough treatment of a cow

that has aborted and she should not be bred before the expiration of

this period. If she shows any discharge or other indication of vaginal

catarrh she should not be bred for a longer period, or until the parts are

in an entire normal condition,

a. A solution of carbolic acid may be administered subcutaneously to each preg-

nant cow.

For this purpose use a three per cent, solution of carbolic acid and of

this, inject two drachms every ten days. Should this cause swelling in

some individuals, for these use a smaller amount.

10. Remove cows from the herd before they abort, if possible.

The purpose of this is to prevent the re-infection of the premises. Of

course, this cannot always be done and when a cow aborts in the cow

stable thorough disinfection is again required.

11. Repeat the disinfection of the stable from time to time and pay particular

attention to cleansing and disinfecting the gutters.

For frequent flushing of the gutters use a saturated solution of sulphate

of iron.

J2. Treat the cows according to their individual needs.

If a laxative or tonic is needed, give Sal. car, fact or iron or arsenic ac-

cording to the indications.

13. Whenever possible, it is well to use a separate bull for the cows that have

aborted and another for the sound cows.

But even in this case it is important to observe the precautions cited

under heading No. 5, using a separate apparatus for each bull.

Ergotism.— There was oiie outbreak of ergotism during the year

and it was investigated and reported upon very fully by Dr. Jacob

Helmer, of Scranton. The disease investigated by Dr. Helmer oc-

curred on a farm in Wayne county. In this herd there were 12 cat-

tle, 10 cows and 2 yearlings, and of tlhese 9 were afflicted with ergot-

ism. Three of the cows had died before the investigation was madte

on the 10th of April, 1902. In these animals, there was gangrene of

the extremities, the ear tips became dry, brittle and finally dropped

off, the process gradually extending toward the base of the ear.

Some of the animals had lost their tails in the same way, others had

lost tlheir feet and in one animal two legs had separated at about

the middle of the cannon bone. The trouble had been in progress

from the previous January. It was found to have been due to ergot

growing on red top hay. Some samples of this red top hay was sent



No. 6. DEPARTMENT OF AGRICULTURE. 161

to the Univemity of Pennsylvania and was examined by Prof. John

W. Harshberger, who reported that the numerous black sjiecks, re-

sembling black seeds, growing among the seeds of the grass, were

the spurs of ergot.

I'orage Poimning.—Forage poisoning of horses flias not prevailed

during the past year to the very serious extent that has characterized

its prevalence in some previous years. The chief difficulty with this

disease has been in the following counties: Berks, Bucks, Chester,

Ad'aras, Allegheny, Franklin, T^^high, Montgomery and Philadelphia.

This disease has been proven to be due to damaged food or contam-

inated water. The precise source or nature of the contamination

has not been discovered, but it has been possible in an experiment

to reproduce the disease bj' feeding to horses mouldy silage. In

an outbreak in a large stable in Philadelphia, during which about

thirty-five horses died, a careful pathological study of specimens

from some of these horses was made by Dr. D. J. McCarthy and will

be reported upon later by him. The bacteriological examinations

that were made during this outbreak, as those made previously, hav<;

resulted negatively. So much is known, liowever, that there is am-

ple reason for recommending that no damaged food should be fed to

horses. Hay, fodder, straw, silage, gTain or mill feed that is mouldy,

heated or sour cannot be fed to horses safelv. Contaminated wells

may furnish water poisonous to horses and instances have been

found wherein it has been possible to definitely trace this disease

to a well receiving drainage from a stable or leakage from a barn

yard.

Glandem.—Glanders has occurred in the following counties: Alle-

gheny, Bucks, Bradford, Centre, Chester, Clearfield, Cumberland,

Dauphin, Franklin, Lancaster, Luzerne, McKean, Philadelphia and

Wyoming. Seventeen, or practically one-half of the thirty-five cases

that occurred during the year, were among mules of one mining

company in Luzerne county. These mules are believed to have been

infected through the purchase of some infected mules in the stock

yards at East St. Louis. The infection reached the mules that were

in four mines, and in order to check the outbreak it was necessary to

keep a careful oversight for a period of about six montlis and to

test many animals with mallein. Because the outbreak was re-

ported so soon after it started there was not the opportunity for

the distribution of the disease that would otherwise liave occurred.

On this account it was not necessary to test with mallein all of the

mules in the various mines belonging to this comapny. The plan

that was adopted consisted in making a very careful physical ex-

amination of all the mules and in removing from the mines to test

^dth mallein every animal that showed symptoms in the least degree

11—6—1902
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susj)i(i()us. A('((M' llicse animals had been kv\)[ oiiL uf the niiue

uiulei* ohscivatioii for a few days and were tested, they were re-

turned) to the ii'.incs if they did not react to the mallein test and if

further study of the condi lions causing suspicions failed to support

tihe thought tliat these symptoms might have been produced by in-

fection witli ghmders. In this way. the work of the mines was not

e'eriously interfered with. It is believed tliat the outbreak has been

completely suppressed and for the reason that during the past five

months no evidence of glanders has been discovered among any of

the mules belonging To this company.

In an outbreak in Franklin county several liorses and" mules be-

longing to a farmer were infected by a mustang from the west. In

treating these animals, before it was known that tihey were suffer-

ing with glanders, and before the matter was reported to the State

Live Stock Sanitary Board, the owner contracted the disease him-

self and died of it.

Almost every case of glanders that has occurred in the State dur-

ing the past year has been traced directly to infection from without.

So far as known, all of the infection that exists in the State has

been located and eradicated. If so, there will be no more cases in

Pennsylvania until it is re-introduced. However, it is not difficult

for tliis to occur. There is no inspection of horses coming into the

State, and glanders is a very prevalent disease in most of the States

bordering upon Pennsylvania. So it is necessary at all times to

maintain a careful watch to discover outbreaks before they have

made lieadway and to check them wliile but a few animals are in-

volved. The dangers attending this disease are so well undierstood

and the veterinarians in Pennsylvania are so skilled in diagnosing

it that, as a rule, there is little delay in obtaining reports upon it.

Texas Fever.—Tliere has been no Texas fever in Pennsylvania for

a long series of years, until last winter. The immunity from Texas

fever that we have experienced is due entirely to the wise regula-

tions tlliat have been drafted and are enforced by the Bureau of

Animal Industry of the I'nited) States Department of Agriculture.

Since Texas fever has not occurred in Pennsylvania for so long, lit-

tle attention has been paid to facts regarding it by the breeders in

this State. Therefore, it may not be out of place to say that Texas

fever is a specific disease somewhat resembling malarial fever of

man, and is caused by small animal parasites that live in the blood

and destroy the red corpuscles. Nearly all of the native cattle of

the southern States have this disease continually, but in a form so

mild that it do^s not appear to injure them. The parasite of the

disease is carried by the cattle tick. The progeny of ticks that have

fed upon blood of cattle infected with the parasites of Texas fever

are capable of transmitting these parasites to the animals that they
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iiil'esl. Tlic disease is not jnnjiaiiuled by direcl conlact between

diseased and lieallliy caiile bm only thion-ili tlie a,u,(in'y of tihe tick,

as stated.

The linreaii of Aninia! Industry of the United States Department

(d" Agi-iciiliiiii' has esiablislKd a line extendinji; from the eastern

to the western coast of tlie Continent, below wliicli the country is

known to be perniaiuMitly i^ifested with the soutliern cattle fever tick

andi altove w liicili infestation is not known to exist. This line, which

is chanjied fiom time to time, is known as the southern cattle fever

(piarantine line. It is pro\i(led that shipments of cattle from points

south to points north of this line shall take place only in placarded

cars; the j)lacards aunouncinp; that the cattle are southern cattle

and that the cars are to be disinfected when unloaded. The cattle

thus sihipped must be for immediate ^s^lauohter and they are unloaded

directly at the slaughter houses and carried through special chutes to

yards reserved excUisivel}' for animals of this description. It is only

during- a period of a few weeks in mid-winter that it is permitted to

bring southern cattle north without restriction. During cold weather

the ticks are dormant and they cannot multiply, so that free ship-

ments may occur during the cold weather. The open shipping season

is defined each year by proclamation of the Secretary of Agriculture.

When northern cattle are carried south of the quarantine line they

are then regarded as and are subject to the same rules as southern

cattle.

Last wirter, during the Charleston Ex])osition, a special exception

was made to the quarantine regulatioji, under which northern cattle

were allowed to be sent south to the Exposition and tihen returnedi to

the farms of their owners in the northern States. Tliree herds were

exhibited fiom Pennsylvania. A few cattle in two of these herds

became infested by the southern cattle fever tick, presumably while

in the yards of the Oliarleston Exposition. They were thus inocu-

lated witili the organism of Texas fever, developed the disease and

]ferished by it while on the way home or after arrival in this State.

Fortunately, the trouble occurred during cold weather so tha't

there was no danger that the disease might be transmitted to other

cattle, and such transmission, as a matter of fact, did not occur.

The loss that fell upon Penni'^ylvania exhibitors was serious but not

so serious as that Avhich fell on some exhibitors from other States.

This 0( currence is very instructive in that it shows the value of the

I'rotection against Texas fever that is afforded the cattle interests of

the T'nited States by Hie well jdanned and effectively administered

regulations of the I>ureau of Animal Industry of the United States

Department of Agriculture. Were it not for these regulations Texas

fevei' would occur everv sumnuM- in T'cMinsylvania, following the im-
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poi'taLiuii of soulheiii cuttle. Not many years ago, Texas fever was

an annual visitor and always caused losses amounting to mauy
thousand dollars.

Rabies.— Outbreaks of rabies have occurred in the following coun-

ties: Allegheny, Armstrong, Heaver, Bedford, Berks, Bucks Carbon,

Centre, Chester, Clarion, Clinton, Crawford, Erie, Greene, Indiana,

Lackawanna, Lancaster, Lawrence, Lehigh, Luzerne, Lycoming, Mer-

cer, Montgomery, Montour, Philadelphia, Schuylkill, Tioga, Venango,

Warren, Wayne, \A'asliington and Westmoreland. Before this dis-

ease can be eiTectively checked it is necessary that there shall be more

authority to quarantine dogs in infested districts. It is important

that the authority shall be conferred upon the State Live Stock

Sanitary Board to destroy dogs running at large in violation of

a quarantine established to prevent the spread of this disease. A
bill to grant this authority will be presented to the next Legislature,

the text of which follows:

An act to prevent the spread of the disease known as rabies or hydro-

phobia, and to authorize the quarantine, restraint, confinement or

muzzling of dogs during outbreaks of this disease and to empower

the State Live Stock Sanitary Board to enforce the provisions of

this act.

Section 1. Be it enacted, etc., Tliat whenever the disease known as

rabies or hydrophobia shall occur among the dogs or other animals

in any locality in Pennsylvania and it is adjudged by the State Live

Stock Sanitary Board that the disease is spreading or is liable to be

spread by dogs that have been exposed, the said board may order the

quarantine, restraint, confinement or muzzling of any or all dogs

within the limits of the locality in which the danger of infection is

deemed to exist. The autdiority hereb^y conferred is not to annul

or restrict the authority now possessed by cities or boroughs to quar-

antine, reistrain, confine or muzzle dogs within the limits of their

respective jurisdictions.

Section 2. A quarantine or order to restrain, confine or muzzle

dogs shall be operative when it is approved by a majority of the mem-

bers of the State Live Stock Sanitary Board and when a copy of it

bas been left at the usual place of residence of the owner of fhe

dog that is believed to have been exposed to rabies or hydropihobia

or when the notice or order to quarantine, restrain, confine, or muz-

zle dogs has been jniblished in each of two papers in each of the

counties within which the regulation is established and when printed

notices giving the text of the regulation or order have been posted

in public places in tihe locality in which the regulation or order ap-

plies.
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Section 3. Should dogs be permitted to run at large or to escape

from restraint or continement or to go without muzzles in violation

of the quarantine or regulation or order established by the State

Live Stock Sanitary Board to restrict the spread of rabbles or hydro-

phobia as providied by this act, such dogs may be secured and con-

tined or they may be shot or otherwise destroyed and the owner or

owners thereof shall have no claim against the person so doing.

Section 4 Any person violating the provisions of tlhis act or of a

quarantine or of a regulation or order to restrain, confine or muzzle

dogs duly established by the State Live Stock Sanitary Board for

the purpose of restricting the spread of rabbles or hj'drophobia in

the manner provided in the other sections of this act, shall be deemed

guilty of a misdemeanor and upon conviction shall forfeit and pay a

fine of not le»s than ten dollars nor more than one hundred dollars,

at the discretion of the court.

More rational views in regard to tlhis disease are beginning to pre-

vail. One hears less of absurd opinions as to the non-existence of

rabies. It is most interes'ting and astonishing that this impression

could have prevailed in so many quarters for so long a time. There

is no disease that is more definite in its manifestations than rabies,

and it would be quite as rational to claim, and as easy to support

the view, that there is no such disease as anthrax, glanders or tuber-

culosis as that rabies is a mythical disease.

The rapid diagnosis of rabies that is made in tihe laboratory of

the State Live Stock Sanitary Board by Dr. M. V. Ravenel, is an item

in the repression of rabies that is of great importance and is con-

stantly becoming more important, as it is more used. For example,

a rabidi dog, or a dog supposed to be rapid may bite a large number
of dogs in a town and then die or be killed. If it is not known posi-

tively that this dog was altiicied with rabies but little would be

done by the local authorities in the way of controlling the move-

ments of the dogs that were bitten. If, however, the head of tihe

dog in question is sent to the laboratory and the diagnosis of rabies

is positively established, the local authorities are usually not slow

to move in the matter of controlling or ord'ering the destruction of

exposed dogs. On the otherhand, if it is found the disease is not

rabies then, of course, all alarm is at once removed.

The number of deaths from rabies during the year has been quite

large. More horses, cattle, sheep and dogs have died of rabies dur-

ing the year 1902 than during any other recent year; the exact num-

bers are not available because a report is not required and only a

fraction of the cases that actually occur are reported. Probably as

many as four hundred horses, cattle, sheep, swine and dogs have died

of rabies during the year, or have been killed while afflicted with

this disease.
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Tlie law en'actod by the last ]('<;is]ature, providing for payniont

from the dog tax fuiui tor animals (linl die of or have to be killed

on acconnt of rabies is gradually becoming known throughout the

^tate, and many claims are being made upon the counties for com-

pensation under this law. 'i'lie elTcct of this is to bring to the atten-

tion of the locnl mil liorilies the importance of repressing (his dis-

ease, and this will no doubt, in time, ha\-e the beneficial effect of

building up public sentiment in favor of measures directed against

rabies.

x\. great deal of good could be dume by reducing tihe size of the

canine poi*ulation of the State. There are altogether too many
homeless and worthless dogs in Pennsylvania. These wandering,

sull'eriiig animals are not only fre(piently exposed to rabies and do

a great deal to carry it from place to jdace but they work harm in

another way, by damaging the she<^p industry. There were in Penn-

sylvania in 190], l,(Jt)2,l()7 sheep; in 1!)0(), there were 957,483 sheep,

a losisi of 40. .J i)er cent. This loss appears to continue and in the

face of the (highest prices for wool and niutfon that have prevailed)

for many years. There can he no doubt that a large amount of this

decrease in sheep is due to the difficulties sheep owmers experience

Irom dogs. There ai'e parts of Pennsylvania that are admirably

adapted to sheep growing and that are not well adapted to other

kinds of agriculture, but the sheep grower can hardly afford to risk

the injuries to his flocks that are constantly occurring as a result of

these visitations of sheep killing and sheep chasing dogs.

Hog Cholera.—Losses from hog cholera during the year are es-

timated at about |110,tlt)t). These losses have bee« traced in most

cases to the introduction ot hogs from outside ot the State. It may
be that these hogs were healthy when they were shipped, but after

passing through stock yards and stock cars they developed cholera

and propagated the disease. It is a matter of common knowledge

that it is almost fatal to swine to pass them through any one of the

larger stock yards, and it is very risky to ship hogs in stock cars

unless they have been recently cleaned and disinfected. The reason

for this is that a very large number of hogs suft'eriiig from cholera,

or that have recently partly recovered from the disease are sent to

market, and so the channels through which they pass become in-

fected. It would be very useful to shippers if some arrangement

could be made whereby stock yards and stock cars should be fre-

quently cleaned and disinfected.

During an outbreak of cholera it is important that the infected

swine shall be (quarantined in order to prevent their carrying the

disease further; that the carcasses of hogs that die of cholera shall

be cremated; that the pens occupied bj^ the infected animals shall be

disinfected at short intervals, and that the animals still sound shall
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be placed in separate pens and treated by medicine made according

to the formula below, which is recommended by the Bureau of Ani-

mal Industry. The foUowiiij;- is taken fi-om one of their repoi'ts:

Pounds.

''\A'ood charcoal 1

Sulphur 1

Sodium chloride, 2

Sodium bicarbonate, 2

Sodiuuj hyposulphate 2

Sodium sulphate, 1

Antimony sulphide iblack antimony) 1

"These in<;redieiits should l)e completly pulverized and thorough-

ly mixed. In case there is profuse diarrhea the sulphate of sodium

mav be omitted.

''The dose of this mixture is a large tablespoonful for each 200

pounds weight of hogs to be treated, and it should be given only

once a day. When hogs are affected with these diseases they should

tjot be fed on corn alone, but they should have at least once a day

soft feed, made by mixing bran and middlings, or middlings and coiii

meal, or ground oats and corn, or crushed wheat with hot water, and

then stirring into this the proper quantity of the medicine. Hogs
are fond of this mixture, it increases their appetite, and when they

(Kice taste of food with which it has bee« mixed they will eat it

though nothing else would tempt them.

"Animals that are very sick and that will not come to the feed

should be drenched with the medicine shaken up with water. Great

care should be exercised in drenching hogs or they will be suf-

focated. Do not turn the hog on its back to drench it, but pull the

cheek away from the teeth so as to form a pouch, into which the

medicine may be slowly poured. It will flow from the cheek into

the mouth, and wlun the hog fiuds out what it is, it will stop squeal-

ing and swallow. In our experiments hogs which were so sick that

they would eat nothing have commenced to eat very soon after get-

ting a dose of the remedj. and have steadily improved until they ap-

peared perfectly well.

"This medicine mny also be used as a preventative of this dis-

ease, and for this purpose should be put in the fed of the whole herd.

Care, of course, should be observed to see that each animal receives

it proper share. In cases where it has been give« a fair trial, it has

apparently cured most of the animals which were sick and has

stopped the progress of the disease in the herds. It also appears to

be an excellent appetizer and stimulant of the processes of digestion

and assimilation, and when given to unthrifty hogs it increases the

appetite, causes them to take on flesh, and assume a thrifty appear-

ance."
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Foot and Mouth DUease.—In November, the country was startled

by the knowledge that foot and mouth disease existed in some of the

New England Slates. While the outbreak did not cover a large ex-

tent of territory or involve more than three thousand cattle it was
still a very serious matter, because of the possibilities for harm that

are attached to this disease. The source of the present outbreak

in the New England States is unknown; it is merely known that the

disease has existed there in a restricted locality near Boston, for a

period of several months. The reason that it has not spread more
rapidly is, that it happens to have been in a region where all the trade

in cattle centres toward a single point, viz: Boston. If there were

much of an outward trade in cattle from the Boston markets the dis-

ease would have been distributed at a very much more rapid rate,

and in the time during which it has existed it might have reached dis-

tant parts of the country. It is true that there is some out-bound

trade in cattle through Boston, but this is chiefly in cattle for ex-

port. Export cattle shipped from Boston, come from Canada and

from the western states, they remain in Boston but a short time be-

fore they are loaded on the ships. During the time that they are

in Boston, they are kept in separate pens and entirely apart from

all other cattle and, therefore, are not exposed except possibly by

some indirect or accidental means, to any disease with which cattle

of the neighborhood may happen to be afltlicted.

Foot and mouth disease is a contagious, constitutional disease of

cattle, sheep, other ruminants and swine that is characterized by the

development of vesicles or blisters upon the feet and in the mouth.

These blisters are usually seen upon the coronary bands, about the

heela and between the toes, inside the lips, upon the tongue and the

upper border of the jaw. The effect of the eruption of the blisters

is to cause the animal to refuse food, to become very stiff and lame

and to lessen the flow of milk. After a day or two the vesicles

break leaving a superficial sore which heals in from one to two weeks.

Sometimes a similar eruption occurs upon the udder and this may
cause a serious and dangerous complication by interfering with milk-

ing and thus setting up garget. During the course of the disease the

a'Jlicted animal loses weight very rapidly. Recovery occurs in near-

ly all cases but, after recovery, the animal is usually found to have

been seriously damaged and to the extent, upon an average, of |20 to

$2.j. The damage consists in loss of condition, permanent diminu-

tion in milk flow, garget, abortion or serious injury to the feet. Since

an attack of foot and mouth disease does not confer immunity upon

the animals that have passed through it, it happens in infected dis-

tricts that these losses may occur as often as twice in a single year.

Foot and mouth disease is exceedingly contagious. It spreads

with the greatest ease from place to place and from animal to animal.
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V\'lu'u it is introduced into a herd it is exceedingly rare for a single

animal to escape.

'J'be amouut of loss that may come i'rom the existence of the dis-

ease is shown by a recent estimate made by a German authority

who shows that during the last fourteen years foot and mouth dis-

ease has caused in Germany losses that amount to |250,000,000.

Fortunately, it has been possible, by co-operation between the au-

thorities of the infected states and the United States Bureau of

Animal Industry, to control the present outbreak of foot and mouth
disease in the New England States, and there is now little reason to

fear that it will escape to other parts of the country. The work of

repression has fallen chietiy upon the federal authorities, supported

by a special appropriation of |50U,000.00 made by Congress for this

purpose, and it is a matter for congratulation that this work has been

so efficiently directed that it has been possible in so short a time

to place the outbreak under such complete control.

Foot and mouth disease existed in one herd in Pennsylvania twen-

ty-on(i years ago. This was a herd of imported cattle that were taken

to a farm in an eastern county and quarantined there, as was the

practice before the establishment of the federal quarantine stations.

It was soon found that this herd was infected with foot and mouth
diseases, but by keeping it strictly in quarantine the disease never

escaped from the farm. Since that time, until recently, there has

been no foot and mouth disease in the United States. It is possible

that the present outbreak may be due to infectious materials, such

as blankets, forage, wool, etc., imported either from South America

or from Europe. It is not probable that the disease was brougnt

in the United States by a living animal because such animals are ex-

amined and most of them are kept in quarantine and under observa-

tion for a period of about six to three months, depending upon their

origin and species.

Expenditures.—For the fiscal year ending May 31, 1902, the State

Live Stock Sanitary Board was allowed $40,000.00 for its general

work of repressing infectious diseases of animals. The expenditures

of this fund for the general purposes of the Board may be classified

as follows: for tubercular cattle, $26,306.25; for glandered horses,

1503; for inspecting tubercular cattle and herds, $3,326; for inspec-

tions for the purpose of suppressing diseases other than tuberculosis,

and for vaccinating cattle against anthrax and blackleg, |3,402.54;

for tags for marking cattle, for the expense of making tuberculin and

shipping, $874.09; for cremating carcasses, serving quarantine notices

and enforcing quarantines, for supplies, postage, office help and mis-

12
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t'ellaiieous expctises, |!3,ir)().«>(); expenses for enforcing the law re-

quiring the inspection of dairy cows and cattle for breeding purposes

brought into rennsjlvauia from other States, |2,481.52.

Respectfully submitted,

LEONARD PEARSON,
State Veterinarian.
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REPORT OP THE ECONOMIC ZOOLOGIST.

Hariisbuig, Pa., January 1, 19U3.

Hon. John IhwmWou, Secretary of Agi'iculture:

My Dear Sir: 1 luivc the honor to submit a review of the work of

the Division of Zoology for the year ending December 31, 11)02.

The general routine work of the ottiee has consisted in the de-

termination of material sent in, the mailing of bulletins, the ac-

quisition of additional names of orohardists, farm gardeners and nur-

serymen to those already on file, the attention to the general cor-

respondence connected with the Division and the work iovolved

through the inspection of nurseries.

The interest taken by orchardists, nurserymen and others relative

to the spread and control of the San Jos^- Scale and other injurious

tree and kindred diseases is certainly very gratifying. The Division

very frequently is in receipt of infested specimens, and it is apparent

that persons interested along these lines are awakening to the fact,

gained by actual experience, that individual effort has become essen-

tial in the treatment of tree diseases in order to successfully counter-

act the inevitable loss due to ignorance and carelessness. In order

to L^row trees which will produce good salable fruit, it is absolutely

necessary to see that the tree is constantly kept in a healthy condi-

tion, by taking such measures as will effectually dispose of all in-

jurious insects and tree diseases which may have a tendency to re-

tard the good results to be obtained under favorable conditions.

The fruit growing industry in Pennsylvania is of vast importance,

and we tind an ever increasing and a profitable market for choice

fruits such as this State is capable of producing.

The Division has afforded assistance in every way possible to

farmers and fruit growers, by placing at their disposal and dissem-

inating such information, that will nuike possible for them to fully

understand and put into practice such remedial measures as has

been suggested. The San .Jos*' Scale predominates to a very large ex-

tent, it being reported from nearly every portion of the iState. Of
course there are sections where it exists to a very small degree, while

in other parts it is very prevalent, notably in eastern Pennsylvania,

wliere fruit growing is carried on to a greater extent, and where
tlie majority of the nurseries are located. The interest taken in the

suppression of the San Jos«^ Scale is widespread, the nurserymen

particularly are doing efficient work for its eradication. Of course
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the nurserymen are compelled by act of Assembly to dispose of all

diseased stock, yet aside from thai they aiti taking decided measures

by the erection of fumigating plants and other means, to effectually

stamp out the troublesome pests.

The year just closing has seen a decrease in the loss to farmers and

market gardeners from injurious insects. Apparently the Hessian

lly, the Augoumois moth, the cabbage worm and other usually

abundant insect forms have for some reason been less plentiful. The

Angoumois moth causes some loss to the wheat growers in the east-

ern counties, but through the information disseminated by this Di-

vision two years ago relating to this insect enemy, the loss has been

very materially diminished judging from reports received from the

iiifested territory. The tent caterpillars were not nearly so numer-

ous as last year. The destructive work of this insect became so ap-

parent to everybody that it led to a "general uprising" which re-

sulted in the destruction of thousands of caterpillar nests all over

the State, and such measures were taken, by the banding of trees and

other means, that would effectually stop any further damage from

this source. Insects injurious to the fruit crops of farmers still

prevail such as the codling moth, curculio, lice, etc. But I am glad to

state that very many farmers are beginning to see the good results

obtained by spraying, and other remedial measures, which will

eventually become more general as the outcome of such work be-

comes apparent.

The work of inspecting the nurseries, as required by act of As-

sembly, began August 1. Owing to the territory being so large, and

more than one inspector could effectually cover in the limited

time, it was deemed advisable by the Secretary to employ two addi-

tional inspectors in the persons of Profs. W. A. Buckhout and Geo. C.

Butz, of The State College. The State was divided into three dis-

tricts, namely, eastern, central and western. Prof. Butz made the

inspections in the eastern district. Prof. Buckhout in the central and

Mr. Enos B. Engle^, the regular inspector, was given the western dis-

trict. The inspectors completed their work in ample time to permit

of the issuing of all certificates before the selling season opened.

There were one hundred and ninety-seven inspections made during

the year, seven of which were granted certificates expiring on July 31,

11)02. For the year ending July 31, 1902, the inspectors visited one

hundred and forty-seven nurseries, two of which were forest reserva-

tions covering many acres of land in Luzerne and Monroe counties;

and while these are not nurseries proper, the inspection was made by

Mr. Engle upon request of the owners and proprietors. This tract

covers ten thousand acres on which is grown Rliododendrarinaxima

and these were granted certificates to sell stock after a thorough ex-

amination, as it was possible to make under the existing circum-

stances.
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It was necessary to make one hundred and ninety inspections be-

fore the work was finished, of wliich total there were thirty-two

second inspections, ten third, and one fourth, making in all forty-

three having more than one inspection. There were seven of the

nurseries refused certificates to sell or otherwise dispose of stock.

With the exception of the forest reservations already referred to,

the number of acres comprising the remaining one hundred and forty-

five nurseries amounts to two thousand seven hundred and twenty

and one-half acres. The inspection further shows that nurseries

f omprising one thousand seven hundred a«d thirty-eight and one

lialf acres are maintained in very good condition; five hundred and

five acres in good condition; two hundred and twenty-four and one-

fourth acres m fair condition; one hundred and seventy and three-

fourth acres in indifferent condition; and the small total of seventy-

seven acres to be in a poorly kept condition.

The following table shows the number of nurseries in each county:

Nursery List Showing Number and Acreage by Counties.

Counties.

4>

B
3

Adams,
Allegh(Tiy. ...

Beaver
Bedford
Berks
Blair
Bradford
Bucks
Butler,
Chester.
Clearfield
Crawford.
Cumberland, .

Dauphin,
Delaware,
Erie,
Fayette.
Franklin
Huntingdon, .

Juniata
Lackawanna.
Lancaster, ...

Ivawrenee
LehlKh
Luzerne,
Lycomlngr,
Mercer
Mifflin,
Montgomery, .

Northampton,
Perry,
Philadelphia.
Somerset,
Venango
Westmoreland
York

Total.

36
4

2

3
1

1

1

2

1
3

3

7

3

1

5

1

1

1

13

4

1

1
1

4

1

13

2

1

4

2

1

1

3

145

122^4
36

38m
0%
8

0V4
20 !>

30
97614

0%
20
50V4
9

34

24%
20

7%
QiA

in
1

nv2
8
22
3
1

8%
1

410
31/2

35

375
20

6

8
48

2.72OV2

Note.—Certificates have been Issued for the sale and shipment of "Rododendron-maxima" from
Luzerne county 8,000 acres and from Monroe county 2,000 acres.
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The liKl I lull tlicre wcin' oiilv seven -iiuisciics fctnscd ceil ilicatcs

i() sell stock out of a total ol' one linndi-ed and loi-l^y-livi' itidicaies

a very satisfaetory condition as tai- as iclates to the presence of Sau

•Ios(? scak' and injurious tree diseases. The majority of the nursery-

men lia\(' fumij^ating plants on llieir pK inises, while others con-

tPmplate the erection of similar plants for the destruction of in-

jurious insects and tree diseases.

There is no doubt that the law governing these matters is ac-

complishing much good, and (lie good results to be attained through

the sale of nursery stock that is free of disease, will make itself evi-

dent in later years. If the distribution of injurious tree diseases

can be prohibited through the nursery as an agency, the-n it is a

very important step in the right d^irection, and will be of inestimable

benefit, not onlj^ to the buyer of the nursery stock but to the nursery-

men as well, and will place the State of Pennsylvania on the same

level as that occujjied by sister States which have stringent laws.

This Division is also working in hearty co-operation with similar Di

\ isions of other States, following very closely shipments of diseased

stock from States having no laws governing this matter.

Appended to this report is a complete list of (he nurserymen of the

State, together with their postofifice address and the number of

acres comprising each nursery.

Very respectfully,

BENJ. F. MacOARTNEY,
Economic Zoologist.

LIST OF NURSERYMEN IN THE STATE.

ADAMS COUNTY.
Acres.

W. S. Adams Bendersville, 6

Battlefield Nurseries (C. A. & J. E. Stoner). Gettysburg. 6V4

Cornelius Bender, Idaville 'A

H. L. Bream Cashtown. 2

Harry Cline Idaville, 1

E. W. Cook Aspers (Floradale). 3

William Cullyent. Bendersville. 1

R. E. Elden, Aspers 2

Eli Garrettson. Bierlerville. 2

R. E. Garrettson, Bendersville, \i

W. E. Grove. York Springs 13

H. J. Gulden Bendersville. %
J. M. Hare Fairfield. 4

C. A. Hartman Arendtsville %
M. E. Hartman. Cashtown 4

N. M. Horner, Gettysburg '/4

O. P. House. Bendersville. 7

C. L. Longsdorf Floradale. 20

William Myers Bendersville. 2

C. L. Oaborn Floradale V2

John H. Peters. Bendersville 3

C. E. Porter, Bendersville. 4

Mrs. Angelina Sheely, Bendersville. 2
H. W. Sowers T.,atimore. 1%
William Starner .Arendtsville. %
gtorricit & Hartman, Gettysburg 3
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ADAMS COUNTY—Continued.
John P. Stover, Cashtown. 4
A. D. Taylor Arendtsville 4
C. J. Tyson. Ploradale 2
Dr. G. P. Weaver New Oxford 2
J. J. Weigle Arlosa, 4
B. F. Wilson Floradale 1V4
Cliarles J. Wilson. Mummasburg 4
William & Kuntz. Torlc Springs 2
A. S. Wright. Bendersville 7
George E. Wright Floradale I'/z

Total 12214

ALLEGHENY COUNTY.

B. A. Elliott Allegheny (Station 10) . 3
J. Wilkinson Elliott. Springdale 15
G. R. Elliott. Allegheny (Station 10), . 8
J. B. Murdock & Co., No. 510 SmithHeld street Pittsburg. 10

Total. ^
BEAVER COUNTY.

A. R. Goodwin Industry. 8
Mackall Bros., Beaver. 30

Total 38

BEDFORD COUNTY.

S. B. Amos. Bedford. 2Vz
Jacob Barnhart. Bedford, 3
Austin Wright Alum Bank. 2

Total, 71/2

BERKS COUNTY.

William Stoudt Centreport. %

BLAIR (BOUNTY.

Isaac H. Kemp East Freedom 8

BRADFORD COUNTY.

Morgan Evans, Neath, 1

BUCKS COUNTY.

Horace Janney Newtown 7
D. Landreths' Sons, No. 21 South Sixth street. Bristol 10

Joseph L. Lovett. Emilie. 6

Samuel C Moon. Morrisville 50

The W. H. Moon Co Morrisville. 200
Henry Palmer, Langhorne. 4

Somerton Nurseries, Somerton. 20

Josiah G. Youngkin, Richlandtown 2

Total. 299

BUTLER COUNTY.

Pierce Bros Butler 30

CHESTER COUNTY.

George Achelis W^est Chester 20O

The Conard & Jones Co. . Westgrove. 4

The Dlngee & Conard Co. Westgrove. 4

Hoopes Bros. & Thomas West Chester. 600

J. F. Keech Oxford. V*

Rakestraw & Pyle, Willowdale 150

J. B. Reif, Spring City, 2

Josiah A. Roberts Malvern. 16

Total. ^"^''i
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CLEARFIELD COUNTY.
Acres.

Grove L,. Tyler DuBois V*

J. D. Wright. Clearfield %

Total,

Total. %

CRAWFORD COUNTY.

Prudential Orchard Co ShermansvlUe 20

CUMBERLAND COUNTY.

John Peters & Co Uriah 50

D. C. Rupp. Shiremanstown %
Woodvllle Nurseries Uriah. •

Total 50'^

DAUPHIN COUNTY.

Rife & Ulrich Nursery Co Royalton. 4
Calvin P. Scholl, FishervlUe. 4

Gilbert Troutman. Millersburg 1

DELAWARE COUNTY.

John G. Gardner Villa Nova 7

M. F. Hannum. Concordville. 1

Conrad Lamm. Lansdowne 2

The Oak Nursery Co. (P. C. Supplee. Manag-er) Collingdale. 12

W. L. Rementer Lansdowne 2

J. J. Styer Concordville 3

Stuar* Wood (400 Chestnut St.. Philadelphia). Brookthorpe. 7

Total 34

ERIE COUNTY.

0. E. Archibald, Girard. V*
A. F. Young North East 10
L. G. Young, North East. 14

Total. 2414

FAYETTE COUNTY.

J. Sterling & Son Masontown. 20

FRANKLIN COUNTY.

Byers Bros., Chambersburg %
Philip Fisher. Chambersburg %
A. M. Good Waynesboro %
J. W. Hefflefinger Green Village G

William P. Reed Chambersburg M

Total 714

HUNTINGDON COUNTY.

J. Peter Snyder Huntingdon. Vz

JUNIATA COUNTY.

Landis & Wagn<?r. McCuIlnugh's Mills. —^ 15

LACKAWANNA COUNTY.

E. J. Hull. Olyphant,
~ ji«!*4
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LANCASTER COUNTY.
Acres.

W. P. Bolton Liberty Square, 4
Maurice Brinton. Christiana. 20
Calvin Cooper. Bird-in-Hand. 3
John G. Engle Marietta. 6
H. M. Engle & Son. Marietta. 2
John H. Gainber, New Providence 2
H. H. Haruish. Huber 8
Daniel D. Herr. Lancaster. 5
S. R. Hess & Son Erihrata. 2
John Kready Mount Joy %
Wilson Kready. Mount Joy 1
O. W. Laushey Bird-in-Hand 4
A. W. Root & Bro Manheim 14

Total. 71%

LAWRENCE COUNTY.

W. T. & F. P. Butz, New Castle 2
D. W. Fisher New Wilmington. 2

J. W. Hayes. Bessemer. " 3
A. S. Moore. Newcastle. 1

Total,

LEHIGH COUNTY.

W. B. K. Johnson Allentown,

LUZERNE COUNTY.

P. Sutton, • Exeter ...

"Rhododendron-Maxima."

Manning Bros. (1101-4 Tremont Building, Boston, Mass.) New White Haven, 8,000

LYCOMING COUNTY.
Evendon Bros.. Williamsport. 1

MERCER COUNTY.

J. L. Hoobler Chess. 3
Mable Nursery Co. (S. E. Bortz) Transfer 1

J. W. Nelson. Indian Run 3

C. L. Unger Chess 1%

Tota 1 8Vs

MIFFLIN COUNTY.
John S. Mohler, Maitland,

MONROE COUNTY.

"Rhododendron-Maxima."

Manning Bros. (1101-4 Tremont Building, Boston, Mass.) Cresco 2,000

MONTGOMERY COUNTY.
Rudolph Brohm Hatfield. %
C. Haennis' Sons, McKinley %
Robert C. Haines Co.. Cheltenham. 6

J. B. Heckler, Lansdale 4

Chris. Koehler Fox Chase 2

Thomas Meehan & Sons, Inc., Dreshertown, 200

James Krewson & Sons. Cheltenham, 12

Jacob B. Moore Hatfield. 5

John Rieg Jenkintown, 10

William Sturzebecker Lansdale. 2

J. W. Thomas & Son, ' King-of-Prussia, 65

Charles H. Wilson Gladwynne. 3

Thaddeus N. Yates & Co. (7S36 Germantown ave., Phila.), .. North Wales 100

Total 410

NORTHAMPTON COUNTY.

Acres.
W. M. Benninger Benningers. 1%
Theodore Roth. Nazareth 2

Total .
8%

12—6—1902
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PERRY COUNTY.

George A. Wagner & Co Allnda, 35

PHILADELPHIA COUNTY.

Andorra Nurseries (W. W. Harper. Prop.), Chestnut Hill 300
Thomas Meelian & Sons, Inc.. Germantown 65
John Stephenson's Son, Oak Lane. i
Thaddeus N. Yates & Co. (7356 Germantown ave.) Germantown 6

Total . 375

SOMERSET COUNTY.

H. C. Pfelflfer & Bro Gladdens, 2
Village Nurseries (Harry B. Kemp, Prop.), HarnedsvlUe 18

Total. 20

VENANGO COUNTY.

H. S. Sutton & Son, Pranklln. 6

WESTMORELAND COUNTY.

John McAdams, Mt. Pleasant, 8

YORK COUNTY.

W. S. Newcomer, Glenrock 3

J. G. Patterson & Son, Stewartstown 42

George E. Stein East Prospect, 3

Total ,
<8
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Official Document, No. 6.

PAPERS READ AT THE ANNUAL MEETING OF
THE STATE BOARD OF AGRICULTURE, HELD
AT HARRISBURG, PA., JANUARY 22 AND 23,

1902.

ANNUAL ADDRESS OF THE SANITARIAN.

Hv Benjamin Lee, M. D., Philadelphia, Pa.

Mr. Presideot and Members of the State Board of Agriculture of

Pennsylvania:

Gentlemen: If the position which I have the honor to hold in re-

lation to this Board, and I desire to say that I deem the honor a dis-

tinguished one, if, I say, this position is to be something more than
merely honorary, it must be made so by furnishing you information

on the only subject with which I can claim intimate familiarity,

namely; the preservation of your health and that of your families.

I cannot talk to you about mangel-wurtzels and manures, fan-

tails and fertilizers, corn and cucumbers, ruta-bagas a«d rotation of

crops, or potatoes and pigs; but I can give you points on health and

hygiene. Health, the greatest of all earthly blessings; hygiene, the

science and art of securing and prepetuating that blessing. He
who spake "as never man spake" said, "They that be whole need not

a physician but they that are sick." I suppose that the meaning lie

desired to convey was, "They who consider themselves whole, that is

in good health, do not feel the need of a physician, but they who
know that they are sick." There are many people both in the city

and country who think themselves whole but who carry within them

the seeds of disease or damaged organs. Tliese people do not appre-

ciate their need of a physician, but some day they drop dead of heart

disease, or fall in the convulsions of Bright's disease, or are stricken

with apoplexy as by a bolt from Heaven out of tbe clear sky, or

sink to death in galloping consumption. All of these people do need

a physician, but they do not know it. They may have some little

premonition of impending trouble but they explain it away, and

will not allow either to their friends or themselves that there is any-

thing sf^rwusly the matter with them. They "are not going to fool

. (181)
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away either their tiuie or their money on doctors." Too often they

adopt a ('Oin|»roniise and do fool away theii- money on <jiia(k medi-

cines; while, if they would maiifuliy face the music, and ohiaiu the ad-

vice of a conij»et(^wt pliysiciaii when their litst sense of discomfort

begins, he could detect Uie liidden source of danger and give them
such advice as to the conduct of their daily lives, tln^r food and

raiment, their meat and diink, tlieir labor and their rest, their

working places and their dwelling places, as would stay the progress

of the incipient disease and greatly add to their capacity for work,

increase their comfort and prolong their lives. The nmjority of them
indeed do not only feel no gratitude to the physician, who informs

them that their condition is one which will result, if unchecked, in

premature death; they actually feel a certain amount of resent-

ment against him for daring to make such an uiipleasant sugges-

tion. All this, which as I have already acknowledged has no es-

Itecial pertinence to the Agriculturist, more than to the dweller m
cities, as a prelude, and to establish a parallel along which we may
work to illustrate our second thought, which does have a distinct

and special reference to the agriculturist and to the resident of the

village and small town.

During the period since I studied medicine there has grown up a

distinct branch of the science known as Preventive Medicine or State

Medicine, the object of which is to elevate the standard of health

in communities or what is known as "public health.'' Now just in

proportion as a community or a certain class of the population con-

siders itself whole, it fails to appreciate the need for State Medicine.

Inhabitants of large cities have it forced upon them by the condi-

tions which always accompany the croAvding of a large number of

people into a small space that certain of these conditions endanger

the health of all who come within the reach of their influence; that

certain regulations must be adopted to control these conditions

and that the regulations are of no manner of use unless there is

some one whose duty it is to enforce them. The gradual crystalliza-

tion of these lines of thought results in what is known as a board

of health; and no city which makes the slightest pretensions to intelli-

gence and civilization is to day without a health authority, whether

under the name of board of health, bureau of health or commissioner

of health. But the moment we get out into the country all this is

changed. The farmer and villager meet us at once with the asser-

tion, made in good faith, '"'we are whole." ''We need no physician.

Our region, our village, is famed for healthfulness. What need have

we for State Medicine? We have no use for a board of health."

Wrathful indignation breaks forth against the unfortunate who ven-

tures to make the suggestion that it would be possible by any human
device or regulation to prevent one early death or prolong one
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life iu a locality so famed for its salubrity. And so, when one of

your chief me«i is stricken down by a disease which State Medicine

hiiH proclaimed and proven to be preventable and therefore unnec-

essary; when you drop the hot tear over the pallid or disfigured face

in the little coflin; when with bowed head you follow to the grave the

partner of your life and your affections, all victims of contagious dis-

ease, you fold your hands and say "It is the Lord's doing, we must
bend in meek submission to His will." And this you call being

religious. What kind of a religion is this that charges the Almighty,

the loving and tender Father in Heaven, with the result of your own
carelessness and negligence! Your own wilful ignorance of His

laws.

The assumption that, in pro})ortio«i to population, the diseases

which State Medicine declares to be dangerous to the public health,

and which boards of health are established to combat and prevent,

are less prevalent in the country and country villages than in large

cities cannot be proven. Typhoid fever, as nuioy of you have had oc-

casion to know to your grief atid sorrow, is often a visitant at the

farm house; scarlet fever and diphtheria are only too well known in

the rural town and the mountain hamlet. Mining settlements and

lumber camps have been hot beds of small-pox during the epidemics

of the past three years. As a rule the large towns have become in-

fected from the country, and the villages, and not the country and

\illage from the city. And yet the first message which the State

lioard of Health receives from these sparsely settled districts, some-

times by mail, sometimes by telegram, sometimes by telephone, is

''Small-pox here. No board of health. What are we to do?" Why
is there no board of health? The State Legislature, now some years

since, authorized the school directors in every township to organize

as a board of health, adopt regulations, enforce the State law for the

prevention of contagious and infectious diseases and employ agents

for this purpose. WHiy has this law been allowed to remain to so

great an extent a dead letter on the statute book? To use the idiom

of the day, ''it is up to you," gentlemeii of the State Board of Agri-

culture, you who represent the brains and intelligence of the dis-

tricts from which you are sent, you who are leaders in your respec-

tive communities, you who collectively wield a greater influence in

the State than any other association, craft or calling in the body

politic, to answer this question, and I leave it with you.

Let me briefly detain you to listen to a few facts and figures in

connection with the present prevalence of small-pox in the State.

More than three years ago, in the month of iSeptember, 1898, two

soldiers, belonging to Battery C, U. S. V., returning from Poi-to Rico,

carae to East Vincent township, Chester county, bringing small-pox

wiJh them. Ten cases developed in the township, with two deaths.
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and the disease was conimunicated to Spring City, Chester county,

and to Royersford, Montgomery county. By the energetic action of

the Medical Inspector of the State Board of Health for Chester

county, Dr. J. G. Shoemaker, in whose recent death the State and the

Board have sustained a most serious loss, the disease was effectually

stamped out. But the circumstance was sufticif^t to indicate to the

State Board that similar cases must constantly occur with the re-

turn of large bodies of troops from the West Indies where this dis-

ease always prevailed under Spanish rule, without the slightest at-

tempt at restriction, and steps were at once taken to inform all boards

of health that it was their duty to prepare for the inevitable epi-

demic. With the exception of the large cities of the State, with well

organized and experienced boards, this warning was "as the idle

winds which they regarded not." A few school boards organized

as boards of health, and they have since had reason to congratulate

themselves on their wisdom. But as a rule, throughout the rural dis-

tricts nothing was done. The prophesied epidemic, starting natur-

ally in Florida where the great majority of the troops were disem-

barked, travelled steadily up along the coast, entering this State from

lumber camps in Virginia and Maryland. In one of the counties of

the southern tier it prevailed throughout the mountainous, sparsely

settled, districts for manj' months unrestricted, and in fact rarely

recognized, until it reached the most important borough in the

county, where, as there was a board of health, its true character

was determined and the State Board was notified. From this start-

ing point, in the rural districts it spread all over the State, pre-

vailing principally in farm houses, mining villages and lumber camps.

By the wisdom of the State Legislature, a fund of .^.50,000 had been

created several years before, on which the State Board of Health,

with permission of the Governor, the State Treasurer, and the Au-

ditor General, could draw in cases of emergency, and by the judicious

use of a small portion of this fund, the State Board was able to es-

tablish quarantines and furnish vaccination in the rural districts

with great promptness, so that at the end of twenty months, although

3,194 cases had occurred, and twenty-nine counties had been in-

vaded, w ith 178 centres of infection, it was able to declare that the

disease was entirely stamped out.

Three months later, however, two children from Colorado, where

small-pox was then extensively prevailing, came to a borough near

The Capital of the State bringing the infection with them. The dis-

ease quickly spread to Harrisburg and to neighboring hamlets and

villages, and eventually over the entire State. It was also subse-

quently brought in from other States. Owing to unfortunate dissen-

sions in the last Legislature, the emergency fund appears to have

been overlooked, so that the State Board is now entirely without
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means to carry on the work of prevention as m the previous outbreak,

and the disease is still spreading, especially in townships, new

centres of infection being reported every few days. AH that the

^tate Board can do under the circumstances is to use its best efforts

to induce the school boards to organize as boards of health and

rigidly enforce llie law of 181)5, for the resh'ictioii of commmiicable

diseases. They have ample autliority, but little money. The law

;iuchori/.es (iu'ni to employ a salaried sanitary agent, but makes no

provision lor other expenses. They should therefore at once con-

fer with the county commissioners and poor directors and make ar-

rangements with them for bearing their appropriate share of the pe-

cuniary burden which must be assumed, for nothing is more certain

than that a small-pox epidemic cannot be successfully managed with-

out the free expenditure of monej-.

But to return to our figures. The two children from Colorado ar

lived in January-, 19U1, about twelve months ago. During that

lime there have been reported to the Board 2,GSt) cases; of these 1,905

liave occurred in cities and boroughs, and 081 m unincorporated rural

districts. The population of the cities and boroughs concerned is

1,950,510 Avhile that of the rural i)opulation is 14,722; so that the num-

ber of cases in the cities should have been forty-three times as great

as that in the townships, in point of fact it Avas only about two

and two-tliirds as great. From this we make the deduction that, so

far as small-pox is concerned, at the present time there has been, com-

paring the populations of infected townships with those of infected

cities, at least fourteen times as great a prevalence of the

disease in the townships as in the cities and boroughs.

This statement strikes you as preposterous. And yet a

moment's consideration ought to convince you that it is simply

what might be expected. In the city, take Philadelphia, Pittsburg

or Harrisbui'g for instance, the moment a case of suspicious eruptive

disease is discovered by a physician, he notifies the health authorities,

who send an expert to determine the diagnosis. Should the case

I)rove to be small-pox, the house is placarded, and guards are es-

lablished. Within two hours the case has been removed to the

Municipal Hospital where the best medical skill is available for its

care and recoverv, and the inmates of the house have all been vac-

( inated. The house is absolutely sealed up. No one comes out or

goes in, and this strict quarantine is kept up until the danger point

lor the inmates has passed. When the house has been thoroughly

disinfected they are allowed to go out and mingle with the public.

But this is not all. The school authorities, if there is a child in the

house attending school, are at once notified. The children are dis-

missed and the school closed and not opened again until it has been

thoroughly disinfected. In addition to this, all of the school children

Lave been already vaccinated in obedience to the State law,

13
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Now contrast the coudition in the townships. If the patient is not

verj sick the probability is, that to avoid expense, no physician is

called in, and no precautions are taken. His friends drop in to see

him. The children, unvaccinated, as is the case with most of their

school-fellows, go to school every day as usual. At the end of two

weeks some of the children of the family are taken sick and at the

e:id of another week some of the neighbors begin to develop the same

symptoms. It begios to dawn on the minds of the community that

an infectious and contagious disease is spreading among them, and

one of the families thinks it well to call in a doctor. His suspicions

are aroused. Other doctors are called to see the case and still other

doctors see other cases. Then the comedy of what" may turn out to

be a tragedy begins. Not one of these doctors has probably ever

seen a case of small-pox. The doctor who discovered the first case

and suspected its true nature is set at naught aod ridiculed if not

threatened with personal violence. Dr. Bolus does not hesitate to

pronounce it to be chicken-pox, and will stake his reputation on it.

Dr. Pilule calls it impetigo contagiosa and rolls the grand sounding

name off his tongue with much satisfaction. Dr. Physick says that

its nothing in the world but Cuban itch, unaware of the fact that

Cuban itch was the name given to small-pox by our soldier boys in

Cuba in jest. Dr. Aloes pronounces it with still greater acumen,

Philippine measles. Dr. Veterin is inclined to the belief that it is

swine-pox. Dr. Homeo entitles it la grippe complicated with erux>-

tive tendencies. Dr. Jalap swears that it is German measles and noth-

ing more. Dr. Paregoric who has seen a fatal case with dark spots

on the skin is quite sure that it is Petechial fever. And so while the

doctors disagree, the infection travels merrily from farm house to

farm house, from village to hamlet until it at last reaches a borough

or city with a board of health. A consultation is at once called, but,

while a difference of opinion still manifests itself, finally, that is to

say at the end of an hour, not of several months, the opinion of Dr.

Wiseman prevails, to the effect, first that as the case is a suspicious

one it should be at once strictly quarantined, and, secondly, that,

as like his brethren, he is unable to make np his mind on the spur

of the moment as to the exact nature of the disease, it is desirable to

summon an expert to whose decision the question may be referred.

The State Board of Health is at once telegraphed so to that effect.

Within twenty-four hours the expert has reached the spot, the

case is decided to be true small-pox of a mild type, and all necessary

precautions are taken. The infection is stopped right then and
there, possibly not another case occurring in the borough. Is it any
wonder then that small-pox prevails to a very much greater extent

in proportion to population in townships than in incorporated cities

and boroughs which are compelled to maintain boards of health?
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But you saj, "It costs money to establish quai'a«tines, and town-

ships are poor." The flrst statement I admit. There is nothing

worth having in this fallen world that does not cost money, but the

plea of poverty I do not admit. In proportion to population and

comparing the relative demands for expenditure, I believe that the

residents of a townsliip are just as well able to pay a reascnable

health tax, as those of a city. And in the end it would prove a sav-

ing, just as the mnintenance of a fire department does in any com-

munity. Should you not be too much out of patience with this long

homily to be willing to continue me as 3'our Sanitarian, I shall hope

to preach you another sermon next year on the text, "Its an ill bird

that fouls its own nest,'' and show you that there are other condi-

tions besides the prevalence of contagious diseases which make it

imperative that no township should be without a board of health.
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DAIRY HYGIE)NE).

By Du. M. E. Conaki). Wfstgrove, Pa.

In discussing the importance of dairy hygiene, we are confronted

by the man}' prejudiced impressions m the minds of people who seem

to think that we are advocating an entirely new thought and prin-

ciple, possibl3% for self gratification only, which, if put into practice,

must entail burdensome inconve^iience and expense upon the pro-

duct" of dairy products, which bring in no adequate return or com-

pensation. If this view of the subject is a correct one, the life of the

new departure will be short, and we shall soon return to the "good

old days"' of the wooden milk bucket and earthen milk pan, with all

their accompanying adjuncts in the dairy industry.

However, modern life has its needs, and those needs show little

respect for i-logical prejudice. The days when every man could go

oi:t to the forests and streams and kill what food he needed are

past. Our food supply is now often drawn from remote sections of

the I'O'.mtiy. The farmer of one-half century ago, driving his cattle

along dusty miles of road to market, finds a curious comvterpart in

tli(! modein stock raiser, who sends his cattle a thousand miles to

the; stock yards, without leading the comforts of his own home for a

single nighl, and receives the returns for their sale at his own door.

The conditions surrounding the rearing of live stock, and the

marketing of their products are matters of the greatest importance

to oiir railroads as well as to the consuming public. They fre-

quently demand local or State investigation, and are often a topic

for international discussion. I>ad health amo«gst our live stock,

and the consequent unhealthfulness of their products, affects our

geiieral foreign trade; for it is recognized that man and the lower

aLJmals in a greater or less degree affect eacli other, and that some
diseases can be transmitted from man to brute, and from brute to

man. An facts that can reduce the spread of contagion are, there-

fore, of the highest importance to man, and those engaged in increas-

ing aaid disseminating our knowledge of them should be classed as

public benefactors.

The commercial conditions of to-day have called into existence

hundreds of (rowded towns and cities, in which wholesome food

is iin absolute necessity, and in which unwholesome or infected food
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meaus a pestiJciicc; conseqiieotly, any movemeut that insures the

produe' 'oil of better luent, purer milk, better food in general, means

fewer oases ot sickness, a smaller percentage of deaths—results

which should receive the hearty and liberal co-operation of all in

their attainment. Trobablv there never was a time when there

was mere alfeution jtaid to the production of pure foods, particularly

for ihe weaker portion of our race—the infants and invalids—than

now. it is leasonable that this should be the case, for there never

was a time within our knowledge when the causes of the contamina-

tion of foods was so well understood as now, with possibly much
more to come. A moie accuj-ate knowledge of the appearance, life

history, and favorite envii-onment of many of the unseen species of

ani'iai ajul vegetable life lias revealed to us many simple facts that

explain awa\ mysterious conditions of foods which were j)revIonsly

accepted as inevitable, but are now easily understood and controlled.

Objectionable conditions arising from bacterial growth and multipli-

cation, can often be remedied by preventing this increase, and de-

sirable conditions or changes in foods can often be produced by

favoring the presence of certain forms of germ life just as we destroy

from our fields all forms of vegetable life except the particular kind

we plant, and desire to grow for crops. It is just as objectionable

to have ''weed" bacteria growing in our foods as it is to have the

larger weeds growing in our fields.

The conmtious above referred to apply to almost all kinds of human
food, but especially to dairy products, for the reason that the product

of the cow is an animal food, and possesses within itself all of the ele-

ments needful to develop all parts of the growing animal. As milk

and butter are generally eaten without cooking, and without in any

way destroying the bacterial life contained therein, we see the need

for their being produced under such conditions as will insure the

least possible risk from invasion by injurious germ life. Now milk

is one of the best culture mediums for germ life we have; this fact

verifies the importance of our subject.

As hygiene means the rational and methodical use of everything

essential to the preservation of health, and, by implication, life, dairy

hygiene must mean the proper and rational preparation of such

dairy products as we consume for food, so that when taken into the

stomach they may produce only such results as were intended by
nature they should, and be replete with all the life and strength-giv-

ing elements required for our best growth and development. Nature
in her wisdom has provided that milk should be consumed in the

most hygienic manner possible, and that is without its ever seeing

daylight or coming into contact with the outside air. This is ideal

hygiene. But if such protection as this is needful to have milk in a
purely hygienic condition, we may well perceive how far we fall short
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of the ideal when we expose it to stable aii* loaded with dust, to the

falling hairs from the animal's coat, and to many other unsanitary

eooditions, during its commercial life in passing from the udder of the

healthy cow to the stomach of the consumer, possibly one hundred

or more miles away.

If the laws of hygiene are so strictly followed by nature in guard-

ing the health of the young of animals, why should we be inditferent

to the importance of their application when it becomes necessary

for man to use the milk of the cow as a commercial food product for

the sustenance of that portion of humanity who need the best and

purest the market can afford. Do we not blunder to the verge of

sinning when we go on with its production from day to day under

conditions that are far from being conducive to the result demanded
by the age—a food product that shall be ideally wholesome and nutri-

tious, aud imparting only health and vigor to the consumer.

It is not a new thought or principle that is involved in dairy hy-

giene, but on old principle or law of nature under a comparatively

neW' name. We oftentimes shy at names before we understand their

true meaning, and the sense in which they are- meant to be used. We
have always practiced dairy hygiene, so far as its principles have

been understood, by giving our dairy products such care and protec-

tion as we thought necessary. We did as we were taught, but the

teaching did not convey the idea that there was dirt which the naked

eye could not discern, or which could not be removed by the or-

dinary strainer. In short, we applied the principle according to the

knowledge we possessed- We did not know so much of the unseen

world in the past as we do now—that world teeming with life which

has been revealed to us by the aid of the microscope and the pro-

cesses of the laboratory. We did not know that particles of dust

could be the means of conveying from one place to another the germs

of fermentation, or those of disease, the deadliness of the one or both

depending upon their origin.

The application of the principles of sanitation, or hygiene, must
depend wholly upon our knowledge of the possible and more probable

sources of contamination, for without such knowledge we cannot

guard the channels through which contamination or infection is

likely to course, and it is a well established fact that we cannot by
our senses, or otherwise, detect the presence of germs in milk or

other food until they have produced in them the consequent changes

j)eculiar to their species. When it becomes necessary to prevent the

entrance of such germs into our foods, we must adopt such means
in their handling as will not expose them to conditions to germ life,

for where germs are present, they will surely find their way to the

soil most fertile for their growth.
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If bacteria are known to abound in dust, dirt, or the hairy coat of

cattle, or the soiled hamds of a workman, or in his clothing, or in

poorlj washed dairy utensils, or in an atmosphere which has been

contaminated from manure piles in a heating condition, or in stag-

nant pools of water, it becomes our moral duty to our fellow man
to remove such conditions from our dairy premises. We must not

think to tolerate them just because of our kiiowledge that their harm-

ful influence upon our milk and butter can be arrested by the ad-

dition of chemicals in the shape of preservatives. Let us remember

that milk is a complete food, containing all the elements necessary

to the growth of bone, muscle, hair, nails, and, in fact, every part

of the body, and that these elements or cotistituents of milk are found

in the right proportion for the proper development of the body, hence

anything done by us which results in a change of its constituency

just to that extent interferes with Nature's plans. If w^e take from a

food, we lessen its nourishing power; if we add to it, we change its

qualities in accordance with the character of the substance added.

If we add pure water, we simply make the milk less nourishing; if we
add sugar or starch, we increase that constituent of the milk in pro-

portion to the amount added. But if we add a preservative of any

kind we thereby add something that is injurious to life, because it is

used as a poison, i. e., it is introduced to destroy the life of those

germs or micro-orgatkisms which by their growth and multiplication

cause the many changes so common in milk. If a preservative is

poisonous to small fry it must be proportionally so to larger animals.

If not injurious to life it is not a preservative. Even cold is injurious

to life, and it is for that reason it becomes so valuable in the preser-

vation of milk, meat, etc., and it would be just as injurious to health

were it takeci into the stomach, and kept there, as other preserva-

tives are. But it is the only preservative known that can be added

to food and maintained there until the food is to be consumed, and

then effectually removed, leaving no trace of bad effect. It is

Nature's only preservative; all others come to the ingenuity of man.

If food were taken into the stomach at a temperature of 40 degrees

Fahrenheit, and that temperature maintained, the result would be

prompt and serious. Cold does just what other preservatives are

meant to do—merel}' arrest germ growth. Upon its removal the

germs may again become active. And so a reduction of temperature

does not actually poisoti or destroy germ life, but places around it

conditions that temporarily arrest its growth and development.

Now if it were possible to so handle and protect milk during its

commercial life as to totally prevent the introduction of any germ

life whatsoever, and were the cow from which the milk is drawn

perfectly healthy, we can readily see that it would never go sour.

But such a degree of perfection and cleanliness is not practicable,
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at least within tlie limits of our present knowledge. And 3et it is

very desirable that we should approach as nearly as possible those

conditions which will admit of our prolonging the commercial life

of milk, so that it can be consumed with safety by the babe or in-

valid a( a distance remote from the source of supply.

This realization of the importance of an intelligent application of

practical dairy hygiene has made Denmark famous throughout the

world for her fine milk, cheese and bulter, and has enabled her to

capture the best markets for the last named of these products.

It is a foregone conclusion that the more sanitary care of milk

will reduce the percentage of loss in its commercial handling, be

it shipped to the city markets or sold at the near-by creamery. So

the problem before us resolves itself into a financial proposition, as

well as one involving the health of the consuming public. Whether

such care as we are contending for will pay or not is no longer an

open question, for it has passed the experimental stage, and is be-

ing answered in the affirmative by actual experience in many of our

up-to-date, or, I might more properly say, ''pioneer'' dairies. It is

well known by all of our best informed dairymen that if milk is

properly handled during the first two hours after being drawn from

the cow, the souring process is very much retarded.

It is not the purpose of this paper to discuss methods of applying

dairy hygiene, but we think that if every creameryman or milk

vender would receive only such milk at a remunerative price as was
known to be handled according to our best knowledge of practical

hygiene, and all other milk at a lower price, the object lesson would

be a good one; for we know from personal experience that the per-

centage of saving to the sanitary operator would compensate him

well for his extra labor and expense, besides placing him on a higher

moral plane, and introducing him into a more progressive frame of

mind; while the man who preferred to cling to the good ( ? ) old way,

and take the lower price for so much of his product as he succeeded in

getting to market in a salable condition, would soon see the folly of

his ways, and enter the ranks of his more thrifty neighbor.

The question may arise—''What constitutes practical dairy hy-

giene?" We would answer: A knowledge that the cows are free

from disease; a well lighted and well ventilated stable, with

floors and troughs of such material as will not readily absorb liquid

manure, and with sutficient fall for effective drainage; promptly

cleaned daily, and well dusted over with land plaster or South

Carolina rock; the side walls and ceilings should be smooth, and light

in color, so as to prevent the collection of dust; the cows should

be clean; brushed off daily, and, if necessary, have the thighs and

hips clipped, to prevent the collection of manure; the milking
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should be done b}' cleanly persons, with dry hands, and having the

soiled clothes covered wit li an ouler garment, to prevent the shedding

of dirt i)ai'ticles into the milking pail. The prompt removal of all

milk from the stable, and its being immediately strained, a-iid cooled

to a U'mj)erature of 50 degrees ¥., in an atmosphere free from dust

and all taint of the stable; if not to be shipped immediately it should

be stored in ice, so that the above temperature may be maintained.

The utmost cleanliness should be maintained at all times, particu-

larly with the dairy utensils, which, after a thorough washing with

warm water and soap, should always be sterilized with live steam or

boiliog water, and then be exposed to the sunshine and pure air.

We have not asked for the expenditure of much additional money
or labor, but simply for Hie intelligent use of what we already com-

mand. Practical dairy hygiene calls for good, healthy cow^s, prac-

tical inexpensive stables, and rational methods; that is all. The

methods pursued, however, are of the greatest importance. No
man has a moral right, nor should he have the legal right to sell or

hand to his fellow men, be he milk vendor or creameryman, the pro-

duct of any dairy that does not receive the best sanitary care that

his means and conditions will admit of. The law punishes us for

allowing noxious weeds to grow where they can invade our neigh-

bor's crops, but the man who dumps contami«ated milk into the

creamery tank, thereby impairing the quality of the whole batch

—

T)robably the output of a half dozen or more farms—goes ''scot-free,"

and ridicules the so-called "fancy farmer" who is trying to do his best

in the direction of improvement, but is handicapped for want of a

chance to deliver his goods undefiled. Pay the man who adopts ra-

tional sanitary melhods in the dairy a fair price for his products, or,

rather, give him the advantage of the contingent fund that every

creameryman is now compelled to set apart to meet the inevitable

losses under the old slip-shod methods, and then pay the other fellow

a i)roportionally lower price to meet losses, and the importance

of dairv hvgiene will be made evident to all, m terms easily under-

stood.

13—G—1903
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FOOD ADULTIORATION IN PENNSYLVANIA.

By Dr. Wm. Frear, State C'oHcye, Pa.

It has been requested that I prepare for your consideration a

paper presenting the subject of food adulteration from the chem-

ist's point of view.

It has been said that the manufacture of foods and the control

of food commerce is the battle-ground of chemists. Without at all-

failing to appreciate the importance of hooest and capable executive

action, of alert detective service, of specialized and skilful legal ad-

vice, of the experience and investigating abilities of the physician and

physiologist, it is true that the discovery of adulterations, the de-

termination of their nature a«d amount, and the exposition of the es-

sential facts of adulteration to the court and jury are functions with

which the control chemist is charged.

There was a time when the housewife, by the simple process of

testing the solubility of her salt or sugar, could detect the presence

of the added sand. It is said, too, that the Mayor of Guildford used

to appoint official ale-testors who were wont to test the ale not only

by the taste, but pouring a portion of it upon the bench before the

inn, sat in their leathern breeches upon the bench; if they adhered

when attempting to arise, it was considered plain that "mine host,"

lead by unfair means, increased the density of his ale.

The day has passed when such simple tests will much avail in de-

tecting current adulterations. The development of modern, synthetic

chemistry has opened vast possibilities to the imitator and adul-

terator. It is but a few decades since the formation of the organic

food stuffs was considered to be possible only under the influence and

by the direct agency of the vital force inherent in the plant and

animal; but in 1828, Wohler, by heating the corbonate of ammonia,

produced area, the chief nitrogenous waste-product of the animal

body; sometime later, Berthellot made formic acid, which is widely

distributed in nature, by the simple process of exposing caustic

potash to the action of carbon monoxid. the gas that burns with a

blue flame in our coal stoves. These discoveries proved that the vital

force of the chemist's brain and the ordinary chemical agencies are

capable of performing much, if not all of the elaboration of ma-
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tei'ials—not their buildiug iuto tissue and their awakeuiog to life

—

that had formerly been regarded as exclusively the function of an-

other agency; numerous workers have since spent their efforts in

this field. As a result, not only have many of the simpler organic

substances of nature beeti produced in the laboratory, but a host of

entirely new compounds have been built up. It has been thought

that perhaps the principal components of foods might, because of

their complexity, defy the highest skill of the chemist to unravel the

secret of their true nature and, having taken them apart, to put

them together again. But, within the last decade, Fischar accomp-

lished the synthesis of the glucoses a group to which our starch and

fruit-sugars belong; I?ertheIlot, some years ago showed that fats can

be made in the laboratory and many investigators are working upon

the synthesis of the albuminoids. iSuch has been the progress in this

field of chemical activity that one of the greatest of French chemists

predicted, not long since, that by the opening of another century,

civilized lands would no longer be dependent upon the farm and the

transportation lines for food, but would have it made in factories of

their own from the cheapest material—air, water, coal, etc.

This prediction is not one over which this generation of food-pro-

ducers needs to be particularly concerned as affecting the staples of

life. But the manufactures of the more expensive dainties and luxu-

ries find their fields of activity already invaded.

The reception with which these new products are met, is not

wholly cordial. The average man regards them as very interesting

triumphs of science properly finding a place in the museums among
other curious things. If they are to be eaten, he would prefer that

others make the first experiment. If he is interested in the produc-

tion of the substances whose market they may threaten, he is less

dispassionate than the consumer of the brands. Meeting such oppo-

sition, the makers of the substitutes too often turn to fraudulent

means of securing a market, justifying their action by the specious

pleas that the consumer is prejudiced and the manufacturer of the

standard material is selfish and a seeker of class legislation, and that

for these reasons it is not unjust to gain for their products by deceit

the sale which their own merits will not at once win for them. It is

easy to overlook the right which a buyer has to receive the article for

which he asks and is willing to pay, even though his selection may be

guided by prejudice. We sometimes forget on the other hand the

truth which history teaches, that if the new invention is useful, while

we may prevent its violent disturbance of existing conditions by the

use of wise public regulations, we shall not prevent its constantly

finding its place and remaining as a permanent addition to the re-

sources of the race.

The new problems constantly introducing themselves to the con-
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trol clicmist as the result of siuli increased knowledge and skill at the

command of the dishonest, are made more numerous by the rapid

changes in the manner of preparing and keeping articles of food.

The modern grocery store exhibits to the buyer's eye little that is

edible; iiistead, a great array of cans, boxes, cartons, jars and

tumblers, beautifully labelled, greet the gaze. If he is thus prevented

from handling the food that later comers will buy, he is also prevent-

ed from seeing, until the package is opened at his own home, the ar-

ticle he buvs. Manv a fraud lui'ks under the cover of a beautiful

label.

Every age and every class has dishonest men. Pilse says of the

latter part of the twelfth century, ''False rights, false measures,

false pretences of all kinds were the instruments of commerce most

generally in use. Xo buyer would trust the word of a seller, and

there was hardh' any class in which a man might not with reason sus-

pect that his neighboi intended to rob or even to murder him." Men
are better than that to-day. Xot so many will defraud their neigh-

bors. But, on the other hand, the resources of the fraudulently dis-

posed have been wonderfully increased. Leaving to others the pre-

sentation of the statistical, administrative and legal aspects of the

subject, let us consider some examples of the various types of adul-

teration occurring within our State boundaries, and some of the

problems with which the food chemist must deal. In this survey,

no attempt is made to present a full list of discovered adulterations,

but simply to consider certain interesting cases, typifAiug the various

forms of adulteration.

These types are well defined in the Pure Food act of 1895, in addi-

tion to which there are special laws with reference to milk and

cream, renovated butter and oleomargarine, cheese, lard, evaporated

apples and other apple products, fruit juices and vinegar; the Pure

Food act follows the precedent of the English food and drug act in

defining the terms '"food" and '"adulteration," and, in most States

that have acted in reference to food adulteration, the same general

method of legislation has been pursued. Under this act, new abuses

can be quickly reached, but the burden of establishing its defi'iiitions

and standards, and of proving the injurious character of adulterants,

where such injury is alleged in the indictment, rests more heavily

upon the prosecution. The special laws commonly express the defini-

tions and often establish standards for the substances with which

they severally deal and, in most cases, make especial regulations for

the commerce therein and provide difi'erent penalties from those spe-

cified by the general act. In all cases, however, the adulteration

belongs to one or more of the types indicated in the latter act.

This act prohibits (1) the addition of materials so as to lower or de-

preciate or injuriously effect the quality, strength and purity; (2) the

substitution, in whole or in part, of any inferior or cheaper sub-
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stauc-e—this dilTering fioin the first offence in tiiat it evidently refers

to the more specific cases of complete substitution, or of the partial

replacemciit of a standard article by one of like purpose, but of in-

ferior use or commercial value; (3) the reduction of quality or

strength of an article b}' abstraction from it of any valuable or neces-

sary ingredient; (4) imilating another article or selling something

else under its name; (5j the sale of diseased, infected or decomposed,

tainted or rotten food—or of millc coming from a diseased animal;

(G) treatme«t of a material in such numner as to conceal damage or

inferiority, of whatever kind; (7) tlie addition of a poisonous or in-

jurious ingredient. In the foregoing test of types, no attempt lias

been made to adhere to the full vestige of the act, but to express the

gift of its classification of typical offences.

As an earlier paragraph has pointed out, the responsibility detect-

ing the adulteratioti rests with the chemist. Where the adulterant

is a substance entirely foreign to the food, its detection and usually

its quantitative determination are more or less readil}' accomplished.

But where the adulteration is such as to be apparent only in some

change in the proportion of the iiormal constituents of the food, its

detection is far more difficult. In some instances, it is true, that

both in the case of manufactured articles and of natural products,

the law or some authoritative trade agreement has fixed the stand-

ard and made the definition. There are more cases where the

chemist is obliged to reach his own definition by careful consultation

of legitimate trade interests and a full survey of the commodities in

the market, and to establish his standards of comparison. So far

as natural products are concerned, the work of standardization is

difficult, for these products, even when pure, are found to vary widely.

It is not hard in the case of commo4i articles to strike an average of

composition; but it lequires wide knowledge of the causes and ex-

tent of variation, and a patient consideration of all interests, to es-

tablish such a minimum standard as shall, on the one hand, not ex-

pose the public too freely to the rapacity of the fraudulent, nor, o«

the other hand, to greatly increase the probabilities of injustice to

the innocent producer. The association of Official Agricultural

Chemists of the United States, to whose membership all State food

control chemists are ex-officio entitled, has taken up the systematic

consideration of the needful definitions and standards, in consulta-

tion with the various interests affected; it is urged that their work,

which has the cordial support of the Secretary of Agriculture of the

United States, may be helpful to the conduct of food control through-

out the Union.

Among the adulterations of the first class, which chiefly consists

in the addition of valueless materials, there are few requiring particu-

lar mentio'ii. Of the stajjle foods, milk is probably the only one that



198 ANNUAL, REPORT OF THE Off. Doc.

is at all extensively subject to such adulteration. The occurrence of

watering is established either by the observed reduction of the solids

not fat or of the ash in the milk; sometimes if the sample is fairly

fresh, it can be established by the presence of nitrates which occur

almost universally in rain water and in flowing streams, but have

never been found in pure milk. The writer has had recently to con-

tend with the objection that the addition of water to milk is not an

offence under this clause of the Pure Food act, because water, being

itself a normal constituent of milk, can not be regarded as an im-

purity when added v/ithout the intervention of the cow.

Next in importance, because of the volume of trade affected, is the

,\atering of vinegar. This is detected either by a deficiency in valu-

able or indication constituents, such as acids, solids or ash, when

compared either with the legally established standard for distilled

vinegars, or with a fair, accepted minimum for fruit vinegars. In

case of fruit vinegars, waterlog is also detectible in some cases, -be-

cause of changes which the water produces in the qualities of vinegar

ash.

The addition of worthless materials, such as ground cocoanut

shells, cracker crumbs, charcoal, etc., to spices is sometimes found,

but the enforcement of the Pure Food act appears to have greatly di-

minished this practice.

Cream of tartar probably stands next to milk and vinegar in the

frequency with which it is subject to this type of adulteration, though

marked improvement is shown in this material also sioce the es-

tablishment of the food control; the most common, worthless sub-

stances added are gypsum and terra albo. Partial substitution, an

adulteration of the second type, is most common in the case of jellies,

preserves, etc., as well as of spices and vanilla extract.

In the case of fruit preparations, starch ai)d gelatine afford the

gelatinous basis of the cheaper articles. Glucose; an entirely legi-

timate sweetening material which is quite well established as a harm-

less and, indeed, valuable food, is the common sweetening agent of

these preparations, though some cane sugar is usually present. The

objection to the substitution of glucose for cane sugar without notice

lies in its inferior sweetening and preservative power, as compared

with ca'ne sugar, and its much greater cheapness. The flavoring ma-

terials used in the cheapest goods are commonly tartaric or citric

acid, some artificial fruit ethers and artificial coloring matters.

Such use of coloring matters without notice is doubtless indictable

also as an offence of the sixth type, since they make the preparation

look better than its really is.

A somewhat higher grade of jellies is made in which cheap apple

jelly is the basis of the preparation, to which other flavoring ma-

terials and artificial colors are added in order that the substance
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maj pass for peach, curraut or raspberry jelly. The cheap apple

jelly is often made from Uie apple pomace cider obtained by repress-

ing; it lacks the apple flavor, for the most part, and is often de-

cidedly astringent.

Sausage is another slaple article of diet that is subject to adul-

teration of this class. The writer has recently examined a number of

bologna sausage to which starch has been added in considerable

quantities.

Maple syrup has been extensively adulterated. A little of the

cheap, rank-flavored maple-sugar of the late runs, is made to spread

its flavor through a large volume of glucose syrup or dissolved cane

sugar. The polariscope shows at once, the former adulteration; but

the latter is more difficult of detection since the pure sugar of the

maple is chemically the same as that made from the sugar cane or

the sugar-but. Detection depending in such case, upon the propor-

tion in which the accompanyiog malic acid and ash are found in the

syrup.

Honey is also subject to extensive adulteration, in which even the

bees may be made to participate. Honey has well been defined as

the nectar of flowers gathered and secreted by bees. Its table value

lies not so much in the sweetness, as in the fine flavors of the nectar.

Jt is often adulterated by the substitution, in part, of glucose; some-

times cane-sugar syrup is used instead. The polariscope usually

shows such adulteration clearly, but small substitutions can not al-

ways be so easily discovered. For bees feeding in pine forests, pro-

duce a honey behaving in some respects like that made by adding

glucose. Some cane-sugar is present in nectar and is carried over,

a small portion of it, unchanged with the honey. Bees feeding near

sugar refineries have been found in Europe to produce honey excep-

tionally rich in this constituent. The honey produced by the sum-

mer feeding of bees with cane-sugar lacks the nectar flavors, and is

not to be regarded as true honey.

Another very frequent case of substitution occurs in vanilla ex-

tract, where the stronger flavored coumarhi is used in place of part

of the vanillin coumarin is made from the plant-deer tongue and

from carbolic acid; it is the active odoriforms and flavoring sub-

stance of the Tonka bran. While not known to be injurious, it is

much less expensive than vanillin and of inferior flavor.

Substitutions also occur among the spices; clove stems are mixed

with cloves; the stem contains only about one-fourth as much of

the valuable essential oil as the whole cloves. Pepper hulls, left

as a residue in the manufacture of white pepper are very frequently

added to ground black pepper; the hull is not without spice proper-

ties, but is quite inferior to the white spice. Starch is added to

mustard and wheat flour to buckwheat, often with the plea that
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the housewife herself makes such mixture when she purchases either

of those materials; observe, however, that the vendor does not seem

particular to notify his customers of the admixture.

As insta«ces of common adulteration by abstraction of valuable

substances, nmy be mentioned the skimming of milk before its sale;

for its detection the cliange in the proportions between the milk con-

stituents must be relied upon. The removal of much of the oil of

cloves from the white cloves and the subsequent sale of the spent

buds, is a matter of some frequency. The removal of an excessive de

gree, of the cocoa-butter from cocoa is to be regarded as belonging

to tills class of ofife«ices. On the other hand, no objecliou is urged

to the removal of some of the fixed oil of mustard since that is not the

valuable constituent of the condiment a«d the removal is believed to

increase the keeping quality of the ground mustard.

At one time, spent tea, composed of the leaves that have been

steeped and thus exhausted of most of their soluble materials, was
observed upon our markets. The i)reseut conditions of the import

trade are believed to have put an end to the extensive practice of this

adulteration.

The adulteration by imitation and misbranding is one of the most
prolific methods of raud. Cottonseed, harmless but very cheap,

parades as the finest imported olive oil; this is of comparatively in-

frequent occurrence to-day, however; white acid phosphate or a

mixture of gypsum and tartaric acid are sold as cream of tartar.

Fruit juices, so-called, are made from sugar, compound ethers, acid,

coal tar colors. Dr. Jeukios exhibited to me, some time ago, twenty-

five or thirty differently dyed stripes of wool, the variegated truth

of which were due to coal-tar dyes, but came severally from as many
glasses of soda water "with genuine fruit syrups."

Fruit flavors are scarcely imitated by the artificial ethers or com-

pound ethers, made from acetic, butyric or valeric acid and either

ordinary alcohol or the fusel oil obtained as a by-product in the manu-
facture of cheap whiskey.

Lemon extract instead of being composed of a solution of five

parts by volume of pure oil of lemon in ninety-five of strong alcohol

(oinety-two per cent.) is imitated by a solution of much less than
one per cent, of citral in twenty-five to forty per cent, alcohol, some-

times made more dense with sugar, and colored a beautiful yellow

with coal-tar colors, sometimes with the poisonous water-colors.

Citral forms, it is true, the most active flavoring material of oil of

lemon, which contains between six and seven per cent, of this alde-

hyde; but the latter material can be much more cheaply made from
East India oil of lemon grass, which contains upward of eighty per

cent.

The most conspicuous members of this group are oleomargarine
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and renovated butter. Of the foimer I will not speak since I under-

stand the consideration of this substitute has been more specifically

assigned to another.

The term renovated butter is applied to butter which, after having

reached such an advaoced stage of decomposition as has led to its

rejection for human consumption, has been treated in such a manner
as to remove the decomposed materials most offensive to taste and
smell. In the days of our grandmothers, when butter was packed

in summer for use during the following winter, an occasional lot of

butter that had gotteo a little beyond the point of acceptability was
washed with a solution of baking soda, and thereby relieved some-

what of its disagreeable flavor and odor. The processes now in vogue

in establishments where renovation is carried out on a large scale,

are somewhat more complex. The butter, gathered without regard

10 its degree of decomposition or exjjosure to filth, is melted in a tank;

the decomposing curd the products of decomposition of the milk

sugar, the mineral salts and the water settle to the bottom, while

the fat is drawn oft' to an aeratiog tank. The process of aeration is

chiefly relied upon for removal of taint. The process is variously

conducted, blowing, pumping and spraying of the melted fats being

employed, one or all of them, to secure thorough contact of the fat

with the air. When the major part of the taint is removed, the par-

tially deodorized fat is conducted into ripened skim-milk, milk or

cream, usually the former, by which some positive, desirable flavors

are imported, for it is now- quite well established that instead of

butter flavors being wholly due to the fat. they are in very consider-

able degree due to the products made by the action of the ripening

bacteria upon the milk sugar and possibly upon its nitrogenous ma-
terials. Having been cooled in contact with the ripened milk, the

fat is gathered and then worked as fresh butter is.

The manufacture of this renovated article has made very rapid ad-

vances in the imitation of fresh butter. Formerlv a verv waterv,
salvy article was made, whose water content decisively proclaimed
its nature. To-day, there is little difference in this respect between
the fresh and the renovated article.

The detection of this substance has proven a difficult problem. It

is. in fact, excessively rancid butter from which the bad flavor and
odor have been largely removed. It is. furthermore, extremely sus-

ceptible to renewed decomposition whereby the bad flavor and odor
reappear.

To secure a better understanding of the priaciples involved, a
consideration of the nature of rancidity is requisite. It is desirable

to distinguish between the rancidity that occurs in the pure fat,

separated from the curd and salt; and that which occurs in the but-

ter, containing the curd, salt and water.

14
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In the case of the pure butter- fat, the changes are purely chemical,

since fat does not sustain bacterial life. Pure fat in the absence of

light and air, keeps indefinitely, but undergoes a progressive series

of changes when exposed lo light and air. The nature of these

changes has been studied by many chemists, the investigations of

Dr. O. A. Browne in the laboratory of The Pennsylvania Agricultural

Experiment Station being probably the most exteosive. These in-

vestigations show that the fat first exhibits a tendency to bleach,

to become tallowy in flavor and odor and later, to assume a sharp

flavor and pungent odor. The chemical changes accompanying these

physical modifications are chiefly the result of an oxidation of the

oleic acid of the butter-fat; for the quantity of oleic acid steadily de-

creases as rancidity increases. The acidity of the fat increases with

the rancidity, though not necessarily, in proportion to the develop-

ment of undesirable odor and flavor. It was formerly supposed that

the acidity and the undesirable qualities of rancid butter were due
to the liberation of free butyric acid; but this is now shown to be an
incorrect surmise. Butyric acid is water-soluble, while the acidity de-

veloped early in the formation of rancid butter is proven to be due
to insoluble fatty acids. The bad odor and flavor may be due to alde-

hydes, which develop in larger quantity as rancidity increases, and

are like acids, formed by oxidation. The glycerol, which is an es-

sential part of all fats, is likewise diminished as rancidity advances.

Schmid suggests that the aldehydes found in rancid butter-fats are

formed from the glycerols. Scala, however, found that pure oleic

acid developed these compounds when exposed to the air; he sepa-

rated the aldehyde from rancid olive oil and identified it as oenan-

thylic aldehyde, which he regards as the principal malodorous ma-

terial of all rancid fats. Browne has shown that these aldehydes

are changed, probably to volatile acids, in the process of determining

the volatile fatty acid number of the rancid fats. In the later stages

of rancidity, the volatile acids in the fats themselves rapidly in-

crease. As a consequence of both facts, the volatile fatty acid num-

ber of pure butter-fat increases as rancidity advances.

The chemical changes suffered by the fat when it turns rancid in

contact with the water, casein, milk, sugar, salt and ash present in all

butters, have not been so fully studied. They are, in part, of the

same nature as in the case of the pure fat. Bacterial life and the de-

velopment of moulds are, however, possible in the presence of the

casein, sugar and ash, and the former is probably present in all cases.

One fact^ clearly established by recent investigations is, that when
the rancid butter becames mouldy, the quantity of volatile fatty acids

decreases; renovated butters, sold as such, commonly show a low^

volatile acid number, while their total acidity is high.

As the fat becomes more rancid, whether in the pure condition or
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io contact with the other constituents of butter, it dissolves more

easily in acetic acid and in alcohol, the solvent employed in the

Valenta and Crismer tests respectively.

The fat of a renovated butter naturally exhibits most, if not all,

of the ear-marks of a raucid butter, especially the high acidity and

low Valenta or Crismer number and usually, a low volatile acid num-

ber. When freshly made it differs from rancid butter in possessing

less of the disagreeable odor and flavor which rendered the rancid

article unsalable; no satisfactory chemical measure of the differ-

ence between renovated and rancid butters io the quantities of alde-

hydes they contain, has yet been found. Until recently, renovated

butters have exhibited a distinct tendency to sputter like oleomar-

garine when melted, and to crystallize as the result of their heating

aod cooling; but these characteristics are less possible in many
samples of late make.

Doolittle and Hess have suggested that, since renovated butter is

commonly rechurned out of whole milk or skim-milk, it will usually

contain more albumen than butter churned from ripened cream.

This difference is sometimes exhibited in such degree as to form a

positive meaiis of identification of the renovated butter, but not in

all cases.

In the absence of chemical tests conclusive in all cases, the diffi-

culty of a perfect control of the commerce in renovated butter by the

usual methods of regulation is clearly apparent and the need is

evident if keeping a record of the manufacture and distribution of

this commodity.

Concerning the effect of renovated butter upon health, there are

few recorded dates. Most persons experience more or less nausea
upon the use of strongly rancid butter, and Arata found that very old

butter produced vomiting, pain of the bowels and purging. How far

these ill-effects are reduced by renovation has not been determined

by exact test. The commonly noted lack of care to prevent the

contact of the rancid butter used for renovation from filth and exces-

sive decay, constitutes a fair ground of question as to the wholesome
nature of the article made therefrom by a purely mechanical method
of renovation. The temperature at which butter melts is entirely

too low to secure the sterilizatioo or even the pasteurization of the

melted fat.

The sale of decayed or decomposed foods has not been so prominent

as to call for special notice. Abuses of this kind are often so appar-

ent as to be self-regulating, as in the case of rotten vegetables,

tainted meats or ''swell-head" canned goods. So far as diseased

meats are concerned, the services of the veterinarian rather than the

chemist are required to prevent their reaching the market; the same
is true of the prevention of the sale of milk from diseased animals.
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Our various municipal boards of health are doing a useful work in the

sanitarA' inspection of the dairy farms from which their respective

cities derive their milk supply.

Of the sixth t3pe, the use of artilicial colors, acids and Ihuors to

conceal the inferiority of low grade jellies consisting iu part of the

fruits whose names they bear, may be mentioned as an example;

the occasionally observed use of turmeric to impart a yellow color to

mustard diluted with starch is of the same nature. Coatings and fac-

ings formerly somewhat used to conceal the inferior nature of tea and

of raw coffee, are rarely found to-day.

The deliberate addition of poisons to foods for the purpose of evi-

hauciug their commercial value is, happily, of relatively infrequent

occurrence. The use of copper salts to preserve the natural green

titit of peas and gherkins, and of poisonous coal-tar dyes to color a

great variety of food-stutfs, is probably the most common offense

of this class. In most cases of this kind, there is rarely a violent

Iioisoning; the danger lies chiefly iti the cumulative or continuous ef-

fects of the powerful materials. The convenience of the maker or

vendor is not a sufificient ground for his use of materials that jeopar-

dize in any way the health and lives of the public.

The use of certain powerful antiseptics now widely employed, even

ill staple foods, as preservatives, is an abuse belonging to this type

of adulteratives. The use in food of any such antiseptic can be con-

sidered as permissible only when the article ca« not be preserved

for a reasonable length of time by the best modern methods of prepa-

ration and handling; and should, even in such case, be closely cow-

trolled as to the antiseptic permitted, its quantity and with fair

warning of its presence to the buyer.

From the foregoing illustrations, it is evident that many of the

abuses of the past have been reduced, but that much still remains

to be done; indeed, that only unceasing vigilance and increasing

skill will avail in this combat with the cupidity and cunning of those

who prey upon their fellows, or are too weak to avoid an evil ex-

ample in the stress of competition.

Much too, remains to be done in the painstaking and extensive

study of the sanitary effects of the numerous chemical substances

of reccut origin that are seeking entrance into our lists of food ma-

terials. The united skill and experience of the physician, physiolo-

gist and chemist must be applied to this study and it is much to be

hoped that existing American experience in this field may, in some

way, be brought together and that Congress may make adequate

financial provision for the work of this kind with which it has al

ready charged the Secretary of Agriculture.
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THD POLLUTION OF DOME^STIC WELLS.

By Pkof. C. B. Cochrax. Wtst ChesUr, Pa.

As our country is gradually becoming more thickly settled and the

sources of pollution of springs, streams and lakes are constantly in-

creasing, the problem of obtaining a pure water supply for towns and

cities is becoming more and more difficult of solution.

Since the character of the water supply of a city or town is a matter

of great importance to a large and continually increasing number of

people, skillful investigation attended with the expenditure of much
time, labor and money is usually given to a solution of this ques-

tion. If, in any case, the problem is not satisfactorily solved the

newspapers or other periodicals are very apt to assume the respca-

sibility of calling public attention to the impure character of the

water supply. In this way the inhabitants of a city or large town

usually acquire some knowledge as regard the quality of the water

furnished for their daily consumption.

On the other hand, the subject of the water supply of country

homes is almost completely ignored by the public press. And, as a

consequence, the average individual deprived of this common means

of information forms the very natural conclusion that the water

from a well or spring located in the country is the very emblem of

purity and counts himself fortunate in being able to obtain his water

supply from such a source.

Why should the water from this country well be impure? It re-

ceives the surface drainage of no village, town or city. Xo sewers

or factory wastes or other similar sources of pollution sometimes

found contaminating public water supplies, can pollute it. Further-

more, it is a universally admitted truth that water percolating

through the earth in regions remote from thickly inhabitated areas

is usually wholesome and palatable.

While these facts argue strongly in favor of the sanitary condition

of couotry wells and springs we have yet to consider the effect of

such possible sources of pollution as barn-yard, privy vault and house-

hold wastes.

Assuming that no surface drainage from any of these sources can

reach the well, we are still in ignorance as to what may take place

below the surface. The impression that water, no matter how badly
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polluted, will purify itself by percolating through a few yards of

earth has .led to the commission of many blunders. Entirely

too much confidence has been placed and is still placed in the power

of the earth to purify water by filtration.

In order to illustrate this fact I propose to compare the results of

analyses of water from polluted wells with those of pure waters

from the same localities. In order to understand the significance

of these results it will be necessary first, to explain the meaning of

the terms used in the report of a chemical analysis of water.

A chemical analysis of water for sanitary purposes is simply a

means of obtaining comparative measurements of the amount of filth

which has been dissolved by the water and the extent of its decom-

position.

In the report of a water analysis we usually find figures represent-

ing the amounts of the following substances expressed either in parts

per million or in parts per hundred thousand; chlorine, nitrogen as

nitrites, nitrogen as nitrates, nitrogen as ammonia, organic nitrogen,

and total solids. Sometimes temporary and permanent hardness,

oxygen absorbed and other data are also added.

A bacteriological examination may be made consisting of an

estimation of the number of bacteria in one c. c. of the water and a

search for such bacilli as occur in the intestines of man and the lower

animals (bacillus coli communis or other bacilli of the colon group).

From the data furnished by such an analysis and an examination

of the surroundings of the water supply, an intelligent judgment

can be formed as to the sanitary condition of the water.

Chlorine usually exists in water combined with sodium in the form

of common salt. As sewage and the tissues and excreta of man and

many of the domestic animals are rich in salt, any excess of

chlorine above the amount found in the purest water of a given lo-

cality is generally due to contamination with animal matter and its

presence in excess unless it can be otherwise accounted for is re-

garded as an indication of pollution of a dangerous character

Nitrogen is a constituent of many organic compounds especially

those of animal origin. The figure given under nitrogen by per-

manganate is regarded as a measure of the amount of decomposing

organic matter in the sample.

Nitrates are formed by the decomposition and complete oxidation

of nitrogenous organic matter. Nitrogen in. this condition repre-

sents the final stage in the putrefaction of animal matter. In the

final disposition by the processes of nature of organic matter rich in

nitrogen; nitrites represent an intervening stage between ammonia

and nitrates. Their presence in water may be due either to the par-

tial oxidation of organic nitrogen or to the abstraction of oxygen
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from nitrates by decomposiug organic matter. In either case ni-

trogen as nitrites in water is considered a serious indication by

sanitary chemists.

The term total solids refers to the residue left by evaporation of a

given quantity of water. It includes both mineral and organic mat-

ter and varies greatly both in character and quantity, even in pure

waters, depending on the character of the rocks through which it has

passed. While a general standard of purity is used to some extent

by chemists^ it is generally acknowledged that a local standard

based upon a knowledge of the composition of many samples of water

in a given region is more satisfactory. By comparing the results

of his analysis with the local standard of purity the chemist forms

an opinion as to the sanitary condition of a given sample of water.

In the following table is given the results of the analysis of a num-

ber of samples of water taken from shallow wells, springs and

streams within a radius of twelve miles of West Chester. From the

results of these analyses and from the location and surroundings of

these w^aters, I believe them to represent a fair standard of purity

for the region just named:

Pure W^ater.

Source.
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below 70 except when the water comes from a limestone region wiien

a larger a mount \Aill be expected. The above iigures are all ex-

pressed hi parts per million.

An examination of a nnmber of wells and one spring nsed as the

water supply for country homes gave results indicated in the follow-

ing table. The last iiumber in the table shows the character of the

water in a small stream heavily charged with sewage from the bor-

oiTgh of West Chester:

Impure Water.

Source.

y
bo

o

13

o

1

2

3

4

5

6

7

S

9

10
11

12

13
14

15
16
17

IS
19

Well,
Well,
Spring-,
Well,
Well,
Well,
Well,
V\'ell,

Well.
Well,
Well,
Well,
Well,
Well,
Well,
Well,
Well,
Well.

49.00
11.00
4.00

14.00
30.00
4S.40
3.2
27.44
55.00
69.00
6.5

12.4
19.6
S.OO

10.4
5.2
7.6

250.00

Abundant.
OO

Trace.
00.05
00.625
0.3

o.oos
Heavy trace.

0.11
00.02

Trace.
Present.

None.
Considerable

None.
None.
0.4,
OO

8.00
6.00

21.7
3.5

16.7
2.00
13.00
15.00
20.00
2.75

10. 00

10.00
12.5

6.5

5.5
2.0

00

0.032
0.0065
0.025
0.124
0.84
0.035
0.12

0.116
0.0S4
0.064
0.4

O.OIS
0.02

Trace.

O.0C5
0.016
1.128

24.08

0.260
0.041
0.060
0.141)

0.38
0.072
0.224
0.22
0.14
0.196
0.41
0.016
0.052
0.068

0.024
0.018
0.296
0.704

393.00
156.00
ICO. 00

171.00
202.00
132.00

303.00
540.00
142.00
161.00
208.00
126.00
,045.00
138.00
113.00
108.00

.V comparison of these results with those given in the table repre-

senting the unpolluted waters reveals a very decided contrast, and

shows at a glance the remarkable extent of contamination in the

water supply of the farm house. iSuch a high degree of pollution as

this is nut to be found m the water supply of any city or town so far

as m}- knowledge goes. It is very fortunate for manj- of those

who dwell in the country that the consumption of water containing

fecal matter or other filth in solution does not alw^ays produce fatal

results or even cause disease. Such waters as those represented in

the table are, however, a constant menace to health and even to life

and should unhesitatingly be condemned for household use. Several

of these analyses were made at the request of physicians who re-

garded the water supply as the cause of typhoid fever or other in-

testinal disturbances and in three instances at least deaths resulted.

In every instance in which I have been able to inspect the premises,

I have found no sources of pollution except those for which the in-
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mates of the house were directly lespousible and which might have

beeu avoided by the outlay of very little money.

For the sake of convenience the well is located near the house,

cftentimes under tiie same roof. At no great distance is the privy

vault, or in case the house is supplied with a water closet in doors

the cesspool may be found within 30 or 40 feet from the well. The

waste water from the house is either thrown directly upon the ground

1q the neighborhood of the kitchen or at the most carried but a short

distance away by pipes and then left to find, own channels.

In case one well is used for both house and barn it is frequently

located somewhere between the two buildings. If it escapes pollu-

tion from the sources just mentioned it is in daiiger of contamination

from the barnyard. There seems tO' be an impression more or less

general that if the jnivy vault is 30 feet or more from the well there

is no danger of contaminating the water, ]iarticularly if the surface

of the earth slopes from the well toward the cesspool. To illustrate

the fallacy of such an opinion, I will select two cases from the analy-

sis given in the table, v^ample No. 18 was taken from a well in the

country. The only apparent source of contamination within a

quarter of a mile or more was a privy vault between 50 and 60 feet

from the well. The results of the examination of this sample indi-

cate an exceedingly loud condition and points directly to contamina-

tion with matter of animal origin. There is no doubt whatever that

the privy vault just mentioned was the source from which this water

received its pollution.

In this connection, sample No. 15 shows results that are still more
instructive. The well from which this sample was taken is located

on a farm property about eight miles froiu West Chester. The owner
of this well had at various times dumped a quantity of sulphate of

zinc in a depression in the earth between one and two hundred feet

from the well. The water was found to contain 1-10 of one per cent.

(1,000 parts per million) of zinc sulphate, an amount sufficient to

render the water unfit for domestic use.

The pollution of the water supply is doubtlessly the most serious

sanitary evil in connection with country homes and it is an evil

which has existed throughout all past time. The existence of such

an evil as this is in some cases probably the result of ignorance, in

other of indifference or perhaps a combination of both. Often-

times it is difficult matter to convince a man that a well that has

been used by himself during his entire lifetime and perhaps his an-

cestors before him, is supplying a water unfit for household use. He
will point to the fact of its long continued use as evidence of whole-

some character of the water, and as additional evidence that there

can be no pollution from cesspools or barnyards, he will call attention

14—G—1902
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to the fact that the well stands ou higher ground than either. He
forgets the fact that it is underground not surface drainage that has

polluted the well. While it is true that the movements of the ground

water frequently follow more or less closely the course of the surface

water yet such is by no means always the case. It is entirely unsafe

to attempt to draw any conclusion with regard to the movements of

the ground water in a small area by observing the surface drainage.

Oftentimes the movement of the underground water is in exactly the

opposite direction from the surface water. Sometimes very good

evidence can be obtained as to the probable course taken by the sub-

soil water, from an inspection of the geological formation in the

neighborhood of the well. Frequently, however, soil and vegetation

completely conceal all evidence as to probable course of the under-

ground water. Iti some localities where the geological formation

and the dip of the strata are uniform, an opinion can be formed as to

the course of the underground water, though nothing can be seen

of this formation in the immediate vicinity of the well. On the other

hand, in some localities^ as for example in the vicinity of West Ches-

ter, the structure of the earth is so complex that frequently very

little information can be gained in regard to the movements of the

subsoil water by surface inspection. The country about West Ches-

ter is composed either of igneous rocks or very highly metamorphosed

sedimentary rocks, without evident stratification and cut in different

directions by numerous dikes and fissure veins.

In order to illustrate how a well may be contaminated by a neigh-

boring source of pollution, let us imagine a cesspool six feet deep

placed within forty feet of a well, say fifty feet deep. The ground

slopes from the well toward the privy the difference in elevation

being possibly five feet or more.

Under such circumstances as these the bottom of the cesspool will

be about forty feet above the level of the water in the well and con-

sequently above permanent ground water. If the subsoil is homo-

geneous and permeable in character the water from the cesspool will

drain downward and outward from this point in every direction.

The earth will gradually become saturated with organic matter and

polluted water will be carried to the well before it has descended to

the general level of the ground water. If in addition to this the move-

ment of the ground w^ater is toward the well, still more serious pol-

lution will result. Should the dip of the rock be toward the well

or should it be impermeable and filled with fissure veins, the danger

of pollution is still greater. In many cases where the earth is com-

posed of compact rock cut by fissure veins or other cracks it is diffi-

cult to tell where the water of a well or spring may come from. In

such cases pollution may be carried a long distance.

At this writing I have in mind a certain farm, the water supplies
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of which are interesting both from a sanitary aod a geological stand-

point. The distance between the house and barn on this farm is a

trifle more than 200 feet. There is a well at the house and another in

the barn. Between the house and the barn is the beginning of a

little valley. At the head of this valley is the privy vault, and also

a large pigpen capable of accommodating thirty or forty pigs. Al-

though this place is located on very high ground, yet at the center of

this little valley, only a short distance from its head, ground water is

reached at the depth of three or four feet. As this ground water

moves down the valley, it gradually comes nearer and nearer to the

surface which it finally reaches, forming a spring. In spite of the

fact that the ground water of this little valley carries with it the

drainage from house, privy vault, pigpen, and barnyard, it has been

frequently suggested as the source of supply for house and barn,

and it was with some difficulty that the inmates of the house were

restrained from so using it. The slight depth at which ground water

is here reached indicates that the area drained is quite limited and

that an impervious rock lies near the surface. The water furnished

by the well at the honse is exceedingly hard while that from the

barn well is soft. These two wells and the spring although located

within less than 100 yards from one another nevertheless receive

their water supply from three different sources. In case of the

spring it seems possible to trace the course of the water from the

clouds until it issues from the earth, but in case of the wells it is

difficult to account for the difference in the character of water.

This pollution of country wells is not only an abomination from an

aesthetic and sanitary standpoint but it is also an extravagant waste

when viewed from a financial standpoint. The actual money value

for fertilizing purposes of the barnyard and household wastes should

serve as a sufficient incentive to abolish all danger of contaminating

the well water. If a shallow water tight depression were provided

for barnyard manure and stable runnings, and the dry earth closet

adopted for household use, the existing sanitary evil would not only

be abolished but their entire manurial value would be saved. These

substances together with the wood ashes and the refuse of the

kitchen should all find their place as plant foods for coming crops.
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A NKCKSSITY OF A BKTTKR PRKPARATION
FOR FARM WORK.

By Phof. G. C. Watson, Sfdfe CoUe<ie, Pa.

Since the earliest time of which we have any written history of

Agriculture, attempts have been made to improve the conditions of

the husbandman through the improvement of the materials with

which he has to deal. It is probable that attempts were made to im-

prove the condition of the husbandman much earlier than any time of

which we have record. In the light of modern times these attempts

undoubted!}' would appear insignificant, but the mere fact that these

attempts were made at this early date, and ihat similar attempts

have been made continually until the present time, should teach us

that the efforts which we are now putting forth are only a continua-

tion of the great plan which our ancestors have followed for cen-

turies of time. We sometimes take much credit to ourselves for the

progress that we have made and oftentimes overestimate the results

which we obtain and underestimate the value of the work of others

who endeavored to make improvements throughout the earlier years

of agricultural advancement. Pioneer work is hard work and usually

is without commensurate results. Those who preceded us did much
to their credit which would have started us far in advance of our

actual beginning if we could have made the best use of all that had
been gained. In the past, actual progress has been slow and has been

marked by series of advances and retrogressions. Great gains have

been made only to be lost again. The fact that apparently unneces-

sary losses have occurred and are now occurring, through the lack

of a better knowledge of the materials with which the agriculturist

deals presented to the writer the theme for this paper.

It is probably as true to-day as at any time in the past, that note-

worthy advances are being made along various lines of agricultural

work and that the advantages thus gained by the promoters or im-

provers are being rapidly dissipated by the uninformed who attempt
to take charge of the improvement but Avho do not have sufficient

knowledge to make the best of their opportunities.

It is recognized that, for generations, the foremost manipulators

have erected worthy monuments for themselves in the shape of valu-
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able materials which have been improved in i heir hands as the result

of a life's work of u-ntiriuj^ vigilance coupled with the highest art

known in the field within which they were working. A few agricul-

turists have stood prominently above the masses in nearly every gen-

eration for centuries. Their whole energy seems to have been given

to make something better. Their life's work was devoted to the im-

{)rovement of the material which their fellow men must use and which

subsequent generations must use and perhaps depend upon for their

sustenance.

Improvements have been made along many lines of wotk, but mark-

ed imijrovemeuts have been made by only a small iiumber of persons.

In the majority of cases the improvements which were obtained at a

great cost of time, labor^ skill and oftentimes at a great sacrifice, have

not been maisitained but have been dissipated within a much shorter

time than was required to effect the improvement. The history of

agriculture shows too plainly that the downward road is often the

swiftest and the most cerhiiw. The comparatively few improvers

who have worked long and hard to achieve something of a per-

manent value, of necessity have become skilled and expert in their

chosen lines of work. These men have left the results of their skill

aod lifelong toil in the hands of the unskilled who could not appre-

ciate the advantages gained, and consequently lost in a short time

that w^hich had been won by the master minds and which could only

be won by those of superior intelligence and foL'esight.

Farmers are continually endeavoring to secure increased yields

through skill in breeding and through various manipulations which
should not require a proportionate increase in the outlay of labor or

money. In other words, they are continually striving to secure larger

returns for the necessary outlay. The grain farmer, the fruit grower,

and the stock breeder are each trying to increase the value of the

medium or machine which he is usiiig to convert the crude material

into an acceptable merchantable article. The farmer who has been
raising wheat for many years with an average yield of perhaps
fifteen or eighteen bushels per acre realizes that his profits would
be increased if the average j'ield per acre could be increased but a
few bushels. It is evident that it would be advantageous to secure an
increased production w^ithout increasing materially the cost of pro-

duction. He therefore tries to secure a variety of grain that will

bring to him larger returns without increasing in any way his ex-

pense account. He hears of the greater yields secured by his neigh-

bors who claim to be cultivating superior varieties. The yields

which they obtain apparently bear out the assertion that they are

cultivating improved varieties.

The farmer decides to give the improved grain a trial and purchases

a few bushels for seed. He sows the new grain on the best part of
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his field and prepares the ground unusually well. He is well pleased

with the yield and becomes enthusiastic over the oew variety. The
next year perhaps the new grain does not have so good treatment and
consequently does not yield so well. From this time the new variety

of grain is given the same care and attention that he gave the less im-

proved varieties which he has raised for many years. When de-

cidedly unfavorable seasoos occur the yield of the new grain falls be-

low that of the more hardy and less improved varieties.

This farmer's standard of culture, fertility, and farm management
is not as high as that which was required to produce the improved
variety, consequently retrogression sets in at once. It is not very

marked the first few years but with each succeeding year it becomes
more pronounced until the time arrives when it is no better than

those varieties which he formerly raised, m fact he sometimes actual-

ly approaches somewhat nearer complete failure than he did when
cultivating the hardier, less improved varieties. In order that this

improved variety of grain may thrive under the care and conditions

which he provides for it, it must be able to withstand unfavorable

conditions which were not required of it during the years when the

variety was being improved, consequently hardihood is of consider-

able importance and it is developed under his somewhat careless

management at the expense of useful qualities. Hardihood and pro-

tlicacy are not developed to the greatest extent in the same indi-

vidual at the same time. Whenever one is developed to an unusual

degree the other is correspondingly sacrificed. If the improved

variety of grain must be made to withstand severe conditions it can-

not maintain the highest standard of other useful qualities. In

other words, the improvement is in part lost through the unfavorable

conditions to which the variety in question is subjected. This simple

description of a common-place affair may be taken as an illustration

of the loss of many improvements which have been gained at the ex-

pense of life-long efforts of the foremost agriculturists. The im-

proved varieties are undoubtedly able to withstand unfavorable con-

ditions for a time, but if the conditions are more unfavorable than

those through which the variety passed in being improved, the im-

provement will not be maintained, particularly when the variety falls

into the hands of unskilled persons. Improved varieties are not so

hardy as the less improved ones.

Man has endeavored, and has succeeded to a remarkable degree,

in relieving both jDlants and animals of the struggle for existence in

order that they might devote their energies toward producing de-

sirable staples of food or commerce. Both animals and plants in

the state of nature find the struggle for existence so great that hardi-

hood is one of the chief features in perpetuating the species, As
long as the energies of the organization are required to withstand
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severe hardships through which the individuals must pass, the de-

velopment of the qualities which would be most useful to man is

quite out of the question. It is only when man by his skill and fore

sight is enabled to relieve the struggle for existence, that improve-

ment takes place. As the plant or animal finds congenial surround-

ings as to food, climate, moisture, etc., it is able to develop, in the

hands of the skilled breeders, characteristics which do not affect the

vigor of the individual, and which may be turned by man to his own
advantage.

The farmer who devotes considerable of his time to raising stock,

like the grain farmer, endeavors to improve the quantity and quality

of the stock which he is striving to produce at the least expense. He
hears, that for certain purposes, improved breeds are superior to the

common stock which has been kept for a long time in his neighbor-

hood. He not only hears of these improved breeds and of their

wonderful production, but he sees for himself individuals that are far

superior to the best of those which he has beeo able to produce. He
finally resolves to invest in pure bred stock with a hope that he may
be able to produce more, and of a better quality, without increasing

materially the cost of production. He invests in pure bred stock,

takes the stock to his farm, and gives the so called "registered stock"

the same care and treatment that the common stock of the country

has received on his farm for generations. The improved stock does

better for a few years. The individuals of the next generation, how-

ever, resemble their parents very much as to color and general ap-

pearance, although they are not quite so good. Each subsequent gen-

eration, while still bearing the color markings and many of the char-

acteristics of the parents, proves to be less desirable than the genera-

tion that preceded it. Eventually the pure bred stock comes to the

same level, as to production, as the stock which the farmer had main-

tained for years before. The farmer finally becomes convinced that

the so called "registered stock" is no better than that which he

formerly kept. Although it is descended, without a mixture of

foreign blood, from improved parents, may be registered and is

known as pure bred stock. Through the lack of sufficient knowledge

the farmer has failed to maintain the improvement and to make the

best use of his opportunities. If the improved breeds are really

better than those that are unimproved they are better for practical

purposes and will bring the largest returns when maintained under

favorable conditions. Improved animals, like improved plants, can-

not maintain their improved characteristics and be required to endure

severe struggles for existence. Improved animals when properly

cared for are able to turn to good account a larger amount of food,

above that which is required for maintenance, than are those whose
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enetgics are letiuired to carry them through the mauy adverse con-

ditions, some of wiiich may occur at critical periods of life.

A farmer who has maintained a tloclc of fowls for years under very

ordinary conditions may desire to secure a greater number of eggs

than his fowls produce. He feels that he is not secuti«g so large

returns as are some of his acquainlenanci s who perhaps are taking

better care of their stock and conse(piently maintain a higher stand-

ard. It is but natural that this farmer should try to imitate those

who are doing- better than himself. He perhaps recognizes that they

have better machines to work with and are therefore able to produce

more economically. He decides to obtaiu a better breed or variety

of fowls than those which he has maintained for so long, and perhaps

purchases from a skillful breeder some fowls of a breed or variety

that is noted as being among the foremost of egg producers. The
fowls which he obtains are used as foundation stock for his future

flocks. They are more economical egg producing- machines when
properly maintained than were those which he mai'utained for years

under somewhat adverse conditions. These new foAvls bring an in-

creased egg production for a time, even under the conditions to which

he subjects them, consequently he is pleased with them and thinks

that a marked improvemei>t has been made hj the change. The fowls

of the next generation have most of the characteristics of their

parents; they are perhaps a little smaller and do not lay so many
eggs, particularly during the Avinter months. Each succeeding 3-ear

finds him with a Hock that is less satisfactory than the one of the pre-

vious year, until a flock is secured that is no better than the fowls

which he kept before the improved breed was tried. In other words

the change brought him improvement for a time but the improved

stock deteriorated to the level of the unimproved Avhich was as high

a grade as the conditions which he provided would maintain. Those

who do not provide improved food and care for the improved varieties

of domestic animals cannot maintain the improvement which has

been secured hy skillful men at the expense of years of painstaking

labor. Improvement in the so called useful qualities cannot take

place to any great extent without corresponding improvement in food,

care, and environment. AVithout exception all those who have be-

come noted as improvers of plants or animals have maintained them
under the most congenial conditions. All noted improvers of do-

mestic animals have been skillful feeders. Careless and indifferent

feeders have not improved a breed or variety.

The breeders and promoters of the so-called improved breeds and

varieties of animals and plants have sought to impress upon their

patrons the superiority and advantages of the improved qualities and

have largely failed to impress upon the purchasers, both actual and

prospective, the necessity of maintaining as favorable conditions
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as were found necessar} m effecting the improvement. As a conse-

quence of the lack of this information a large proportion of the io-

vestors have become dissatisfied and convinced that the so-called im-

proved breeds and registered stock are but little better, if any, than

ranch of the more common stock of the country. As a burned child

has learned to avoid the fire, so those who have tried and failed have

lost confidence in the better things that are available if they but

knew how to make the most of the advantages before them. One of

the great hindrances in the advancement of agriculture is the lack of

knowledge on the part of the practical men to make good use of the

material at their command.

Those who try new methods and fail are oftentimes sufficiently dis-

couraged to prevent them from departing from the practices which

have come down to them unchanged through many generations.

Instead of permitting improvements to be lost the practical agri-

culturist should be able to still further improve for the particular

purposes for which they are maintaining plants or animals as the

case may be. Nearly every breed and variety is susceptible of

further improvement even uoder the conditions under which the im-

provement was effected. Much more readily may they be improved

for the use of the individual who finds it necessary to maintain them

under quite new and changed conditiojis.

Stock owners do not always realize that the improved breeds may

be further improved for their use. As most of the improvements

have been made under somewhat unusual couditions it becomes nec-

essary for each breeder to still further change and adopt the breed

in question to the best condition of life that he is able to provide.

Whenever the stock breeders, the fruit growers, and grain farmers

realize that improvement cannot be maintained under ordinary con-

ditioiis a united effort will undoubtedly follow which will give to

agricultural advancement a greater impulse that has ever been re-

corded in the past. When we are able to look honestly at the ques-

tions which confront us and see the difficulties and obstacles as

they really exist, then, and only then, will the fundamentals be under-

stood sufficiently well to enable the highest possibilities to be realiz-

ed. Let us make the mistakes and retrogressions of the past step-

ping stones to more certain and continual advancement of the agri-

cultural interests which lie at the foundation of the future prosperity

of this great country.

15
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Official Document, No. 6.

REPORTS OF SPECIAL EXAMINATIONS AND
INVESTIGATIONS.

METHODS OF STEER-FEEDING.

CO-OPERATIVE EXPERIMENT BY THE PENNSYLVANIA DEPARTMENT
OF AGRICULTURE AND THE PENNSYLVANIA AGRICULTURAL EX-
PERIMENT STATION.

UXDER THE IMMEDIATE SUPERVISIOX OF G. C. WaTSOX AND A. K. KISSER.

An article published in the Annual Report of 1901, page 495 (Bul-

letin No. 67), gives an acount of an experiment which was designed

to test various methods of feeding steers. This experiment has been

repeated in all essentials and the results described in the following

pages. It is recognized that one trial, with a comparatively small

number of animals, is not sufficient to determine the many questions

involved in such a test. Therefore, the experiment herein described

was designed to be largely a repetition of the one made the year

previous, in order that the results of the two may be compared and
that somewhat more reliable data may be secured for the information

of those who are particularly interested in converting the roughage of

the farm and commercial stock foods into the more valuable product

of prime beef. The narrow margin of profit in feeding steers, which
have been reared in other localities, compels the feeders to study

closely the strictest economy as to the outlay of labor and money,

and to note tendencies even before results are obtained. One ob-

ject of the trial was to determine as far as possible the comparative

cost as well as the efficiency of various methods of feeding.

Plan of the Experiment.

The experiment was devised to test certain practical methods of

confining fattening steers as well as to test the usefulness of auto-

matic watering devices for fattening animals as steers are usually

confined throughout Pennsylvania. The experiment was designed

to determine, if possible:

(1) The effect of different methods of supplying drinking water;

(2) The effect of different methods of confining fattening animals;

(221)
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(3) The amount of labor required to care for animals uuder these

various conditions.

Experiment No. 2. (Dec. 5, 1900, March 19, 1901.)

In order to make this test as satisfactory as possible uuder practi-

cal conditions, space was set aside in the basemeot of the college

barn in a similar manner to that described in the report of 1901 (Bul-

letin No. G7). Three lots of steers were used in this experiment. One

lot. Lot No. 1, consisting of ten animals, was placed in a large box

stall 20x21^ feet in area, which is exactly the same space that the ten

steers would have occupied had they been placed in stalls; that is, the

stalls were removed and the space occupied by the stalls enclosed

by high board partitions, which made, to all intents and purposes,

a large box stall. On account of the lack of space. Lots Nos. 2 and

3 consisted of but six steers each. These were kept in stalls ad-

joining the box stall. Lot No. 1 (in the box stall) was supplied

with water furnished by means of automatic watering basins, in

which water was kept before the animals all of the time except

when the water was withheld for a short time previous to the

weighing periods. Lot No. 2, which consisted of six animals, was
supijlied with water by means of automatic watering basins similar

to Lot No. 1. Lot No. 3 consisted of six animals, and was placed

in stalls in a similar manner to Lot No. 2, with the exception that

the steers were turned out once each day for an hour or two in a

large yard adjoining the basement, where they were permitted to

drink in conmion from a large watering trough. The animals of

Lots Nos. 1 and 2 were not removed from the pen and stalls except

as it was desired to weigh them on alternate weeks.

The Animals.

The steers used in this experiment were purchased at the stock

yards in Pittsburg, November 21, 1900, by Mr. William C. Patter-

son, the Farm Superintendent, and the writer. In this connection, it

should be stated that Mr. Patterson has successfully fattened one or

more carloads of steers on the college farm each year for many
years, and is recognized as an expert buyer. The steers selected

were dehorned grade Shorthorn steers raised in eastern Ohio, and
were carefully selected as to size, age and quality, so far as outward
appearance would indicate. The steers were sorted into lots soon

after they were purchased and were confined in the pens and stalls

until the experiment was begun. The steers were sorted with great

care in order that the lots might be as uniform as possible and at the

same time have nearly the same average weight. These steers were

tame and considerably above the average as to quality and general
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appearance. They had been given considerable grain and were "well

started." In fact, some butchers would have selected a few for

slaughter. In the following table is given the weights of each steer

at the beginning and close of the experiment, as well as at each weigh-

ing period on alternate weeks during the period of feeding.

Kations Fed.

Each lot was fed a grain ration consisting of nine parts of corn

meal and oue part of wheat bran by weight, in such quantities as

would be readily consumed. The judgment of an experienced feeder

was relied upon to determine the amount that should be given from

day to day. 'An accurate account was kept of the total amount of

grain consumed by each lot, but no elfort was made to determine

the amount of food consumed each day. The grain for each lot was

weighed out weekly and placed in a bin. The feeder having access to

this bin fed each lot the necessary amount. At the end of the week,

that remaining in the bin was weighed and deducted from the amount
previously weighed out. In a similar manner an account was kept

of the hay and corn stover consumed by each lot of steers. The hay

consumed hj the three lots was of good and uniform quality, largely

timothy with a little clover. The corn stover was well cured and

shredded. The hay and corn stover were placed in large sacks and

weighed and taken from the sacks and placed in the mangers as re-

quired. The unconsumed portions were weighed back and deducted

from the total amount offered them, the difference giving the amount

consumed. As the refuse was frequently small, it was not weighed

back until a considerable amount had accumulated; that is, the un-

consumed hay and stover were removed each day and kept until a

considerable amount had accumulated, when the whole was weighed

and sampled. The following table gives the amount of food con-

sumed weekly by each lot:
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It was observed early in the experiment that Lot No. 3 was not

consuming so much corn stover per thousand pounds of live weight

of animal as either of the other two lots, vet it did not seem ad-

visable at that time to change the amount given them. Thus it

was noticed that the steers that were turned out to water once a

day corresponded quite closely in the consumption of corn stover

to a similar lot of th>>" previous experiment. The amount of hay
and stover offered each lot and the amount refused are shown below,

as well as a similar statement of the previous experiment.

Amounts of Hay and Stover Consumed by Each Animal of each Lot.

-d
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been withheld for about sixteen hours. The weights at the begin-

ning and end of the exjjeriment were obtained bj weighing each in-

dividual animal on three consecutive da^s and taking the average
of these w^eights. It is well known that a single weight may be quite

misleading as regards the true weight of the animal. As shown in

the table of weights, some individuals at some weighings apparently

lost weight. This is undoubtedly duo 1 o the variation of the water in

the system of the animal at the time of weighing and not to any un-

thrifty condition at that time, as some of these animals have made
most excellent gains throughout the whole period of feeding, which
would not have been expected had they actually lost in weight dur-

ing two or four weeks of the feeding, as indicated by the table of

weights. Animal No. 68 of Lot No. 1, at the third and fourth weigh-

ing, indicated a loss of 77 pounds for four w^eeks, while this animal
gained throughout the whole period an average of 2.13 pounds per

day. Without doubt, the weights were misleading and the animal
did not show an unprofitable feeding condition. The following table

gives the gain of each individual of each lot:

63.

6-i.

65.

66,

67

68.

69.

70,

51,

52,

53,

54.

55,

56.

57,

58.

59,

60.

61,

62,

Steer No.

Total, ..

Average,

Total, .

,

Average.

Total. ..

Average,
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From the above table it will readily be seen that Lot No. 2 made
the greatest average gain per daj; also, that Lot No. 1 occupies

a medium position between Lots Nos. 2 and 3. There is not differ-

ence enough in the gains of the three lots to warrant the claim of

marked superiority of one method over another, as the three lots

gave about as uniform results as would be expected from three

lots kept under uniform conditions. The objection to feediog a

number of steers in a yard or pen has been raised, that there is

likely to be both underlings and those that make unusually good

gains. It is true that steer No. G7, of Lot No. 1, made considerably

greater gain than any in Lots Nos. 2 or 3, and also that coe steer,

No. G9, made the least gain of any of the three lots, although No. 62,

of Lot No. 3, which was confined in a stall, did not greatly exceed

the small gain of steer No. 69. While the gains of the steers of Lot

No. 1 occupy both extremes, yet they are sufficiently pronounced to

warrant any definite conclusions being drawn from these results.

The following table gives the amount of food consumed by each

lot per pound of gain of live weight:

Food Consumed per Pound of Gain in Live Weight.
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3 required a triile less food to produce a pound of gain than Lot

No. 1. It is also shown that Lot No. 3 consumed less food per

thousand pounds of live weight than either of the other two lots.

The dillerences in the results of these two methods of feeding, as

shown by these trials, are not sufficient to warrant delinite coiic'u-

sions.

Experiment No. 3.

On April 1, 1901, six steers were placed on experiment similar to

the one previously described. The main object of this experiment,

however, was to determine whether there was a great difference

in the retention and preservation of the maoure made from the

three lots. The steers were weighed at the beginning and end of

the experiment, as described in experiment No. 1, and the food

was weighed and fed as described in that experiment. Each lot

consisted of two steers. The steers of Lot No. 1 were loose in

a box stall and supplied with water by meaos of an automatic

watering basin. The steers of Lot No. 2 were confined in stalls,,

but supplied with water by automatic watering basins, and Lot No.

3 was watered as were the animals of Lot No. 3 of experiment No. 2.

The following table gives the w-eights of the steers at the beginning

and end of the experiment, gain per cent, and gain per day in pounds:
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April 9.

April 16,

April 23,

May 7,

May 14,

May 21,

May 29,

Total.
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As shown above, it required 79.0 hours of actual labor of one man
to attend to ten animals of Lot No. 1, and 93.3 hours of labor to care

for six animals of Lot No. 3 tluit were kept in stalls and turned out

to water once each day. If this proportion is used to deterniitie

the amount of labor required to care for ten animals in stalls, it will

be seen, as shown in the above table, that steers in pens furnished

with automatic watering basins required about one-half as much
time of the attendant to properly care for them as was required to

attend to the same number of animals kept in stalls and turned out

in a yard to water. The stalls were cleaned out each day and the

box stall was cleaned out twice during the experiment. The follow-

ing table is taken from Bulletin No. 67, which gives the ditlerence in

time required to care for the three lots of animals which were

kept under similar conditions as those described in the preceding

pages

:

Time of One Man Required for Attendance.
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From the foregoing pages it will readily be seen that the differ-

ences in the results of the three methods of coufining fattening steers,

do not show that one method is markedly superior to another, so far

as gain in live weight from (he food consumed is concerned. The

results of the three methods, as shown by each experiment, are about

as uniform as would be expected had the three lots of them been

kept under practically uniform conditions. The slight differences

in gain are not sufficient to recommend one method over another.

While the steers were selected with great care, yet the differences

in the individuals of the three lots may account for the slight differ-

ence in gain. The fact that a different lot in each experiment made
the greatest gain from a given amount of food, tends to show that

the variation of the lots is probably due to the individuality of the

animals rather than to the dift'erence in the methods of confining and

feeding.

It was observed in each experiment that those animals which had

a supp]}' of water before them all the time had a somewhat better

appetite and consumed their food with greater relish than did those

that were turned into the yard to water once each day. Any advant-

age that one method may show over another is chiefly due to the dif-

ference in the amount of labor of attendance.
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TREATMENT FOR SAN JOSK SCALK IN OR-
CHARD AND NURSERY.

Bv John B. Smith. S;;. D.. t:atoinolo(jUt of the Xew .Jirsf]i Kxperinunt Stution.

The Sau Jose or reiiiicious Scale seems, from present evidence,

to be a native of Asia, occurring in Japan and China under such cir-

cumstances as to make it improbable that it could have been intro-

duced from any other country. It is only within the last year that

the matter has been fairly settled by the researches of Mr. C. L. Mar-

latt of the U. S. Department of Agriculture, and not the least im-

poitant of his observations is that, where the insect occurs naturally,

it is not injurious; that is, the insect and its host plants are so bal-

anced that both exist without inconveniencing each other.

Mr. Marlatt's studies point to a species of lady-bird, closely allied

to our own twice-stabbed species, as the check that prevents un-

due increase, and the natural suggestion is. that this predatory

species be introduced into the United States to do for us what it does

in Asia— i. e., control the pernicious scale. Attempts in that direc-

tion are under way and will be again referred to.

Just v.hen the insect was introduced into the United States, no one

knows definiteh'. It is probable that it was in 1870 or before. It is

certain that in 1S73 it was fullv established in the Santa Clara vallev,

in the vicinitv of San Jos^ from which the insect derives its common
name.

HISTORY IN CALIFORNIA.

Not until 18S0 did the insect come before the Entomologist for

study. In that year Prof. J. H. Comstock, then Entomologist to the

U. S. Department of Agriculture, determined that it was undescribed

and called Mperniciosus; basing his name upon the destruction which

16
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iL .iL lliat time caused iu California orchards. He (considered it the

most pernicious scale liuown to him and found il on all deciduous

fruits except black Tartarian cherry.

It spread rapidly throughout tlie fruit regions of the Pacific coast

and caused serious injury on every Jiand. It was fought with all

the usual insecticides with more or less success and, in the experi-

ments made, the lime, salt and sulphur wash was developed. This

proved peculiarly adapted to California conditions, and turned out

uniformly satisfactory results when the proper methods of prejjara-

tion and application were fully understood.

Meanwhile the citrus orchards became infested by another scale

insect, introduced from Australia or some one of the neighboring

countries, and this proved so much more destructive that, for a time,

the jjernicious scale was deemed scarcely worthy of consideration.

The new scale was much larger, with a prominent white egg case in

the female, and was called the Cottony Cushion Scale. Though at

first attacking citrus trees, it soon invaded deciduous orchards as

well, and, resisting all the known insecticides, brought the fruit

growers face to face with failure.

Relief came with the discovery of the natural check to this

insect and its introduction into California. In a marvelously short

time the Cottony Cushion Scale was under control, and then it was
realized that in many sections of South California the San Jos^ Scale

was no longer a destructive pest. It was practically kept in check

by natural enemies, and these were said to be certain species of

Australian lady-birds belonging to the genus, Rhisohius, which had

been introduced with Yedalia, to fight the Cottony Cushion Scale.

This was the condition of affairs when, in 1896, I visited the Pacific

coast to secure, if possible, such information as might guide the New
Jersey horticulturists in their tight against the pernicious scale in

that State.

TREATOIENT AND NATURAL CHECKS IN CALIFORNIA.

In Southern California the insect is really under control, and the

effective agents are, first, the twice-stabbed lady-bird, Chllocorus

Mvuhier^us; second, a minute parasitic wasp, Aphelinus fuscijJeiinis.

There were some other species found feeding on the scales, but they

were of no great importance in comparison with those already men-

tioned.
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The interesting point is, that the twice-stabbed ladybird is a close

ally of the species that is doing such good work in Asia. So similar

are the species, indeed, that to the untrained eye they would readily

pass as the same. This twice-stabbed lady-bird occurs not uncom-
monly in the Eastern United States, and I have bred in New Jer-

sey from the pernicious scales, the same little Apheliniis which is

found in California. Practically then, we have in the East all the

species that cont''ol this scale in Southern California. But as one

travels North, it is found that the natural enemies are less effective,

and the tight against the insect is still in progress. Resin washes
and lime, salt and sulphur were everywhere in evidence; but, prac-

tically, the growers are all coming to accept the latter of these mix-

tures as the most satisfactory.

After twenty-five years, California has solved the San Jos^ Scale

problem and, greatly assisted by nature, has the insect fully under
control. The matter of the lime, salt and sulphur w'ash will be again

referred to. The important fact to be recognized here is, that it was
not until after a long, hard fight—after thousands of trees had been

killed and after years of experimenting—that the insect was finally

controlled. We will attain the same result in the East; but it may
have to be done in a somewhat different manner.

ITS INTKODUCTION AND SPREAD IN THE EASTERN UNITED
STATES.

In either 1886 or 1887, two New Jersey nurseries secured plum
and pear trees from the Pacific Coast from which they propagated,

by ordinary nursery methods. It was not known that these trees were
infested by any unusual scale, and buds and cuttings were freely used

in the nursery blocks. Both nurseries grew more or less fruit com-

mercially, and the bearing trees soon became infested. From these,

other nursery blocks were annually supplied and, in 1890 and there-

after, scaly trees were sent out in all directions. The two nurseries

affected were the most extensive in New Jersey, and had a trade
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throughout the Eastern and Central United States; therefore, a con-

siderable section of the East was covered before the existence of the

insect there was even suspected.

The first case was found in Virginia, in 1893, and in 1894 the facts

concerning the distribution of the pest were ascertained and pub-

lished.

U^
'<1^

J- 'J

a n
Fig. 1.—San Jose Scale; a, on twig, natiirul size; /), bark of

same much enlarged, showing scales of different ages and also

the crawling young. (From Howatd and Mariatt, Bull, 3, N. S.,

Div. Ent. U. S. Dept. Agr.)

It is probable that one if not two nurseries in another State as-

sisted in spreading the scale through other California stock, and

it is certain that some scaly trees were received directly from Japan.

But nurseries are chietlv responsible for spreading the insect over

an area that natural methods of spread could not have covered in a

dozen years. Even now, with all our guards and nursery contiol,

this distribution continues to some extent.
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LIFE HISTORY OF THE INSECT.

Before one can di'al intelligently with an}' insect, it is necessar}' to

know its life history and habits, that our eliorts may be intelligently

directed; therefore a brief description is here given.

The full grown scale, when by itself on a twig, is almost circular in

shape and about one-sixteenth of an inch in diameter. It is black-

ish gray, the centre a little raised and dull yellow in color. It is not

at all conspicuous, especially on gray bark, and is very easily over-

looked. When grouped in large numbers the individual scales vary

a little in shape; but are always small, round, dark gray discs with a

yellow center. If, with the point of a knife we carefully lift one of

these scales we find lying free, underneath it, a much smaller, flat-

tened, bright yellow, soft bodied creature—the scale-insect itself.

This has neither legs, wings or other organs of locomotion and, in

fact, no appendages except three fine bristles which form the mouth.

These bristles are inserted into the plant tissue and by this means
the insect holds its place. In other words, there is a very small,

bright yellow, grub-like creature, covered by a scale of its own manu-
facture.

A scale insect, such as described, is a female and, when mature, it

gives birth to living young. The period of reproduction extends

throughout a month or six weeks, and in that time an individual may
give birth to about 500 young. These young, or larvae, are minute

yellow atoms with short legs and feelers and are capable of motion.

On a badly infested tree, when the insects are breeding, the surface

will appear covered with moving pollen grains, so small are they.

Their bright color makes them conspicuous, and with a little practice

one may see them readily with the unaided eye. They move about

quite actively for such small creatures and usually tend outwardly,

to the smaller branches, fruit spurs, leaves, or to the fruit itself; in

fact, except on peach, the fruit is a favorite place. After about

twenty-four hours of this active life the larva finds a suitable place,

inserts the microscopic mouth bristles into the plant tissue, begins

to feed and is then a fixture. In a few hours it begins to contract

and becomes circular in outline, like a minute, yellow lentil. Then
little, white, cottony filaments come from specialized pores all over

the surface until the creature looks like a tiny lump of cotton. These

filaments or threads run together and form the first covering to the

fixed larva. In this stage the white color makes them easy to see;
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bat thej remain so for a few days only. Additional waxy material

is added at the edges, the scale enlarges, becomes darker iu color,

more flattened, and reaches the gray stage. From ibis the color

changes to black and later, as it becomes mature, it again lightens

and the yellow centre becomes obvious. In about four weeks full

growth is attained and the female is sexually mature. Jf we follow

the insect beneath the scale, we find that as the covering increases,

the antennae and legs disappear and, when the first larval skin is

cast, no appendages remain. The cast skin is made to form part of

the centre or nipple of the scale, and in the female, a second cast is

added before the insect is sexually mature. The male at its next

change differs totally from the female and forms a true pupa, from

which we get in a few days, a very minute, frail, two-winged fly with

long stout feelers, long legs and a long anal style or process. This

male is so small and inconspicuous that it is almost impossible to

see it without a magnifying glass, and so frail that the least puff of

wind carries it off; nevertheless, it succeeds in impregnating the fe-

male and then dies.

Pig. 3.—Adult male, Aspidintiis pernioiuHun: greatly enlarged.
{From Hoiwi/d, Circ. ,3, 2d so:, DLv. Eat., U. S. Dept. Agr.)

Breeding begins in the latitude of Philadelphia about June 10,

and continues throughout November in ordinary seasons. During

that time a single pair may, if absolutely unchecked, produce a

progeny of over one thousand million (1,000,000,000)! This number
is so enormous as to be almost incredible; but from the facts given

it may be easily figured out by any one with a mathematical turn of

mind.

It has been stated that breeding continues until very late in the

fall, but those insects that start late never live over until the fol-



No. 6. DEPARTMENT OF AGRICULTURE. 239

lowing spring. And !jo tlie young that are born after frosty days

and nights are fairly established, die before they reach a stage that

enables them to live through the winter. A badly infested tree ex-

amined in mid-\vi«ter will show many white and gray scales—all

dead; and plenty of fully developed females, some with young be-

neath their scales—also dead. The linng individuals are those

under the black scales, that may be considered half grown. These

become completely dormant and do not resume growth until the fol-

lowing May. The males appear about the middle of that month, ful-

ly three weeks before the females begin to reproduce; but after re-

production once begins there is little cessation iimil the end of the

season.

The important points in this history are, that the insect passes the

winter well protected by a dense waxy scale, impenetrable to or-

dinary insecticides; that the newly born larvae are naked and un-

protected, readily reached by any contact poison; and that after raid-

summer, reproduction is practically continuous.

PLANTS SUBJECT TO INFESTATION.

In a general way all the ordinary orchard trees in the Eastern

United States are subject to infestation; but cherry suffers least

—

some varieties being totally exempt. Quince suffers little and has

not been seriously damaged in any case that has come under my
notice. Peach suft'ers most and there seem to be no exempt varieties.

On peach the scale will ordinarily, if unchecked, kill trees the third

year from the date of infestation. Plums are almost as susceptible,

but individual varieties or even individual trees resist strongly, and

may live for several years, completely incrusted by the insect.

Apples are all good subjects, but the Ben Davis seems to be most sus-

ceptible and most difficult to clean. Pears differ widely and, where

mixed with other trees, Keift'ers are almost exempt. Most of the

Asiatic varieties suffer little, and individual trees may be entirely

exempt. Almost all the shrubby small fruits are subject to infesta-

tion; of these the currant is most injured, gooseberry the least.

Blackberry and raspberry are somewhat infested, but not ordinarily

much hurt.

Grapes are quite generally infested, but are not harmed. The

slivery character of the bark on the old stock discourages setting by

the larva and the new growth is almost always cut off nearly to the

base; therefore the insects get little real opportunity.



240 ANNUAL REPORT OF THE Oft. Doc.

Hedge plants are often badly infested. Japanese quince is one of

the worst, and Osage orange conies very closely after.

In fact it may be said that there is scarcely a deciduous shrub or

tree on which the insect may not maintain itself, though it may not

cause actual injury. On shade and forest trees, it does not seem to

cause much trouble. I have seen it abundantly on small European

elms, and, to a lesser extent, on the American varieties; but never on

older trees to a troublesome extent. So I have found it rarely on

maple and poplar and very abundantly on willow. The latter is

sometimes injured and I have seen the Kilmarnock variety killed by

the scale.

Of the nut trees, hickory and walnut may be infested and the lat-

ter may be injured. Chestnut may become infested, but the insect

does not thrive on it and the trees do not suffer.

Conifers are entirQly exempt from attack so far as I have observed,

and privet is practically so; hence we are not left entirely without

hedge or ornamental plants.

Herbaceous plants, or such as kill down to the root during the

winter, do not serve as host plants for the pernicious scales, because

they cannot hibernate on it.

The insect is absolutely dependent upon the tissue upon which it

is fixed, and if the latter dies, the insect dies also. If a scaly leaf

drops to the ground, every scale dies as soon as the leaf is dry. The
same is true of a twig or branch when cut from the tree; hence, if

trimming is done during the winter in a scaly orchard, the cut wood
may be safely left on the ground. The insects canot leave it, and

long before the commencement of the breeding season all sap will be

out; so, the insects having had nothing to feed upon, will be dead.

THE INJURY AND HOW IT IS CAUSED.

When a scale-insect first fixes itself upon a succulent twig or

fruit and begins to pump out the plant juices, no immediate change

is observable. But after a week or two a faint reddish tinge becomes

evident around the scale and in the bast from which it feeds. As the

insect grows, a depression is apt to be found on the bark where it is

lodged and the red tint becomes more obvious. On the fruit it is

often so marked, that an infested tree in bearing, is most readily de-

tected by the prominent spots on the fruit. The discoloration is
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supposed to be caused by the action of a saliva introduced into the

phuit tiissuc, and it undoubtedly causes something like a true poison-

in*^. The injury caused by a single insect is as nothing to a tree;

but when this is multiplied by many thousand it becomes a serious

matter. The surface of the twigs becomes irregular and pitted; the

bark dies, cracks and the upper layers become lifeless. The purp-

lish red stain in the bast extends and gets even into the sap-wood.

The tree loses vigor and in late summer some twigs may die at the

tip. During the winter an entire branch may die. A start is usually

Fifj. 3—Section of apple, natural size,

closely set with scales ; a bit of scaly
bark enhir3:ed, at left, above, i From How-
ard, Circ. 3, 2d scr., Div. Eiit., U. S. Dept.
Agr.)

made in the spring; but when the first drain is made by a dry spell

upon the circulation of the tree, it fails to respond. The poison-

ed bast and sap-wood prove unable to meet the demand and the tree

dies. Often a tree may go into the winter in apparent fair condi-

tion; but will break down suddenly in early summer. Peach trees

are especially apt to do this, and many a dead tree has been charged

to the insecticide employed when, as a matter of fact, it was al-

ready doomed when the application was made. It is important,

therefore, to make whatever remedial api)llcations are intended, be-

fore the tree or plant is so badly injured that it is unable to recover

when the insects are killed.

16—6—1902
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NATURAL METHODS OF HPREAD.

It lias been beeu already described how. Ilirough nursery stock,

the pernicious scale was scattered throuj-hout the Atlantic and Cen-

tral States; but after all, this method would reach only individual

orchards here and there and, on the whole, only a comparatively small

number of trees would be infested. Tlu^ (luestion here to be an-

swered is,—how, when a few trees in an orchard or a vicinity are

affected, does the insect get to other trees or orchards.

The natural powers of locomotion of the scale insect are alto-

gether inadequate to carry it from one tree to another unless the

branches or twigs touch or interlace. 1 have seen in young apple

orchards, individuals scaly for three years and no trace of spread to

other trees; though those originally infested were killed. In truth,

no scale larva will voluntarily leave the plant on which it is born.

If it does, it has not the strength to enable it to get from one tree to

another over a rough soil, even if it had the ability to move in a

straight line to a determined end. In fact it has not such ability and

the distribution is haphazard, by external agencies alone. When a

badly infested tree is swarming with larvae, the little creatures get

upon anything that is quiet long enough for them to do so. The

foot of a bird, or an insect of any kind, may serve as a carrier.

Sparrows, where they are at all abundant, are the usual agents.

They sometimes congregate in flocks; crowd a tree; chatter volubly

and then fly to another near by or a long distance off. With them

they carry from one tree to another, from orchard to hedge and hedge

to orchard, any scale larvae that may be at the time moving on any

of the plants visited by them. Other birds do as much in another

manner. A mother seeking food for her brood will visit a tree again

and again, hunting caterpillars, and will carry them to her young.

She spends much time about her nest, and near it the first trace of

scale on old trees can nearly always be found.

The very lady-birds that feed on the scales serve as agents for

tkeir spread. The writer has seen the twice-stabbed lady-bird busily

feeding on infested twigs, and half a dozen or more larvae crawling

safely about on its wing covers. When the beetle flies, the larvae

travel with it. So there are many other agencies that may carry the

young from place to place. Even the wind may at times serve as a

distributor. In one case the writer showed an orckardist how he,

himself, w'as infesting previously clean trees. He had been cul-
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tivating among infested small uees and liad, by slriking the lower

brandies, become pretty well covered with larvae; his straw hat be-

ing especially well supplied. He left this infested lot for an old

aj)ple orchard and there seated himself on the ground, with his back

against the nnnk of a tree, and his hat in a convenient crotch. From
that hat. larvae by the dozen were getting upon the tree when I was
led by some suspicion to examine it! Birds first, insects second,

winds next and careless horticulturists last, may be enumerated as

the natural methods by which this scale insect spreads from place to

place.

NATURAL P]NEMIES.

This subject has been touched upon incidentally, on a previous

page. The most important of the predatory enemies, are two species

of lady-birds and a minute, parasitic wasp. One of these is the

twice-stabbed lady-bird. Chilocorus hiriilnerus. which has done such

Fisr. 4.

—

Aplidinus fuscipennig, very much enlarged. (From Howard and
Marlatt. Bull. :',. n. s.. Div. Ent.. V. S. Drpt. Aijr.)

good work in Southern California. It fails to do eijually well for

us in the East, because our climate is such that it can make only two
annual broods and these not ver}- large; in Southern California it

breeds nearlv all the time and eats dormant scales bv the hundred
before they start breeding in spring.

The other of the lady-bird® is the Pentilia misella. not much larger

than the scale itself and black in color. This seems to breed all sum-

mer in considerable numbers and remains on the trees in cracks and

crevices all winter; but it is so small and. compared with the scale,

breeds so slowly, that practically the farmer gets little benefit.

The little wasp parasite is Aphelinvs fuscipenn{s^^\i\ch has been

also mentioned as occurring in California. It is found in the East
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wherever the scale oecnrs. and always takes a certain percentage

of specimens. The female lays a single egg in a scale insect and the

{)arasite larva develoi)s and conies to maturity within the body of its

host. Other lady-birds feed on the crawling larvae, and some other

j)redatory species pick them up occasionally; but nothing is really

effective as a check.

In 181)0, the writer introduced into New Jersey a large number of

lady-birds from California. All of them died. In 18I)S, he intro-

duced the Ch'docorus simllls from Japan; but this also died.

Other natural checks, are heavy rains in the breeding season and

diseases. The writer has seen hundreds of larvae washed down and

battered to death by a heavy summer shower, and knows from ob-

servation that damp cold weather is fatal to many of the crawling

stage.

Disease plays an important part in the multiplication of the

species, and its percentage affects very materially the rate of in-

crease. On some trees, in some years, the writer has found ninety

per cent, of the scales dead from some unknown disease; but thus far

this has been neither isolated, studied nor propagated. Prof. Rolfs

found a transmissible disease in Florida, that was effective there, and

he succeeded in getting pure cultures. Some of the diseased scales

and some of the cultuies were brought into New Jersey, and on a few

scaly trees the disease was actually established; but it was found

that the climatic conditions were not favorable for its spread, and

while for two years the disease was active where it was established,

it has not extended to other trees and did not eveu control the scales

where it had taken hold.

Up to the present then, we cannot in the Atlantic States, depend

upon natural checks for effective assistance in preventing injury from

the San Jose or Pernicious Scale.

THE SCALE PROBLEM AS IT CONFRONTS THE HORTICUL-
TURIST.

The presence of the pernicious scale in any orchard offers two al-

ternatives to the fruit grower. He must either abandon his trees or

he must fight the insect actively, persistently and intelligently. If

he has an infested peach orchard the need for action is imperative

or his trees will be beyond help. Other trees will last longer, but

as soon as the insect extends throughout the tree, the fruit will be-
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come unsaleable. He can expect uo present help from nature; but

I (U) not mean to sa}- that changes in natural conditions will not in

time make maiters more oas}'. California sull'ered for a quarter of a

century and still must fight in some localities. We have had the in-

sect scarcely more than a decade; yet in New Jersey, horticulturists

are hokling their own against it.

If the fruit grower decides to fight, he must, if he expects success,

realize that it will not Le a short, sliar]) effort, but a long, steady task

that is before him. He must become fully ac(iuainted with all stages

of the insect and its habits; not from reading this bulletin alone, but

from personal verification of its statements, in the orchard. He
must become ac(iuainted with the peculiarities of his trees; what

treatment they will stand, and what he must avoid. He must de-

termine by actual experiments, based upon the information here

given, just what he can do most effectively and most economically.

No one application of any material can be completely successful, be-

cause it is a physical impossibility to hit every scale on a tree of any

considerable size. There are always a few protected examples that

escape our most thorough treatments and these will serve to restock

the trees. A little carelessness may allow so many to escape that

in a single season a tree may become as bad or worse than it was when
the treatment was originally made. Finally, he must determine

whether he will depend nminly upon summer or winter work, or

whether he will combine the two.

In summer the presence of the foliage makes the use of the more
powerful insecticides impossible; but on the other hand the insects

are much more easily killed. In winter very caustic or very pene-

tratiug applications may be made; but the insects are dormant ane

better protected than at any other period of their existence.

SUMMER TKEATMENTS AND THEIR RANGE.

Summer treatments may begin with the date when the scale first

begins to reproduce—June 10—and need not end until reproduc-

tion ceases—about November 15. Before the former date the scales

are not more easily penetrated than during the winter; after the latter

date those that may be killed l)y summer mixtures would die even

if no application was made.

Summer mixtures are such as may be applied to living foliage or

actively growing shoots without causing injury. To be worth con-

sidering here, they must also kill the scale at the strength at which

it is safe to use them on foliage.
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The only insecticide which, so far as my experience goes, answers

al] these purposes, is whale (or fish) oil somj*. I have used tobacco

mixtures, other soa]) luixtures and kerosene, pure or emulsified;

but on the whole, whale (or fish) oil soap is the best. At the rate

of one pound in three gallons of water, it may be applied safely at any

time after June 15, on any tree except peach and it will kill all larvae

and recently set loiius. Of course this leaves the old scales alive;

but forms a check to increase that is very effective. Early breeding

is in full swing about June 20, and an application thoroughly made

Fisr. 3—A pear, natural size, infested by the San
Jose Scale. The scales are shown as black dots,
the surroundiuo- shade representing' tlie iiui-plish dis-

coloraiioii; at h, a single scale is shown, very much
enlarged. {From Howard, Circ. S, 2d ser., Div. Ent., U.

S. Dept. Agr.)

at that time, will wipe out so many of the young that unless it is very

bad the tree will go safely through the summer. On peach, one pound

in four gallons of water is the limit of safety in June. The heaviest

broods of scales come in late September and early October, and at

this time trees not bad during the early season may be swarming

with young. Now even peach will stand one pound of soap in three

gallons of water, and all other trees will stand one pound in two

gallons. The foliage in early October is mature, the buds are form-
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ing, and there is nothing that is readih' injured except the scales.

A thorough application then made will kill off the very forms that

would otherwise live safely through the winter. A thorough appli-

cation in late June and another in early October should keep the

trees fairly safe without winter treatment. Ordinarily, however,

the fruit grower prefers to make his radical applications in winter,

and in that case his summer applications are intended mainly to

prevent the tree from being severely injured before winter sets in.

The soap mixture may be applied at any time when needed, and at

least once every two weeks after the middle of June the owner of an

infested orchard should go through it carefully enough to determine

whether any trees need treatment.

Instead of soap, kerosene or crude petroleum may be used. These

are much more effective but require much more care in their use.

A fruit grower at Middlebush, X. J., uses summer applications of

crude oil in his plum orchard continuously and finds no difficulty in

controlling the scale. He keeps his trees trimmed low and under

constant supervision. When he notices considerable «cale breeding

on any tree, he applies the oil by means of a knap-sack sprayer

through a fine Vermorel nozzle. The application is made to the

trunk and larger branches only, and in general, in the centre of the

tree; foliage being avoided so far as possible. As the oil kills the in-

sects in all stages, the sprayed portion becomes and remains clean for

the balance of the season. In this way, though the trees are always

more or less infested, the insects are kept down to harmless num-

bers. It requires some experience before a man uses crude oil con-

fidently; but when that experience has been gained, it is surprising

how freely it may be used with safety. I have treated the trunks and

branches of peach trees with equal success and equal safety; but I

would advise caution and experimental applications on such trees

before adopting the method on a large scale. The rule should be,

just as fine a spray as possible and just enough to wet the treated

surface. The trees should be dry when the application is made.

Kerosene of the grade used for illuminating may be used instead of

the crude oil and is safer. It kills the insects almost as well, and is

not so hard on the foliage; but it has no protective effect and, within

twenty-four hours after an application has been made, scale larvae

may set safely on the treated surface. Those who have learnt how
to use kerosene prefer it to the crude oil, and it is certainly cleaner.

The same rule as to the character of the spray and the dryness of the

tree should be observed as with crude oil. In addition, the day itself

should be dry, that the rapid evaporation of the oil may be favored.

The insects are killed as soon as the oil penetrates them; the earlier

it disappears thereafter, the better for the tree.
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Vigorous, raiikly growing trees are mucli less susceptible to in-

jury from oil applications than are those in which the growth is

feeble and the bark hide-bound. The horticulturist who prefers to

rely upon summer applications must remember that scale insects

never sleep, have no Sundays or holidays and when once started

breed continuously.

Persistent applications of whitewash are often very useful. Lime
alone is not of much use against the scales, but if, just before the

breeding begins, a thorough coating of lime wash be sprayed on the

trunks and branches the young will find it impossible to set on the

sprayed areas. Many indeed will be killed and many of the breed-

ing females will be destroyed. If a coating be applied before the

middle of May, the males when they hatch cannot gain access to

the covered females and many will remain unimpregnated. Thus
with lime alone a very decent sort of campaign may be made. The
first application should be made about May lUth, the second, one

month later, June 10th. Thereafter applications may be made as

often as the covering becomes badly worn. A little salt adds greatly

to the sticking qualities of the material. The wash should be spray-

ed on as is the Bordeaux or other mixture in which lime is used and
it should alw'ays be strained before using.



Fig. 6—San Jose scales attacked by the fungus, Sphaerosiilbe coccophila. The pale circles
around the scales are the orange fruiting processes; in some cases the scales have dropped off,
leaving round or oval pale spots; about four times natural size. (From Smith, N. J. Exp. Sta.
BepU.

)





No. 6. DEPARTMENT OF AGRICUI^TURE. 249

WINTER WORK AND WINTER INSECTICIDES.

A tree free from foliage and in a dormant condition will stand

more severe a])plieations than can be safely applied in summer. The
season is longer, outdoor farm work is largely at a stand-still, the

insects are not breeding and, almost naturally, the fruit growers have

preferred to fight the scale during the winter months.

But, while the tree is thus dormant and in its most resistant

state, the scale insect is in the same condition. The stage in which

the winter is most safel}' passed is as a half grown larva under the

black scale. This black scale consists of a thin Avaxy material hard-

ened by a lac-like substance which gives it great resisting power to

ordinary solvents. The first cast skin of the insect itself now forms

part of the covering, and brings an addition of chitiue that makes it

yet more resistant. The edge of the scale is sealed closely to the

bark of the tree or other plant, and there is no perceptible opening

anywhere around its margin.

To reach the insect beneath this covering we must have either a

caustic that will corrode the scale or a very penetrating material

that will soak through or under it.

The caustics that have approved themselves best are the lime,- salt

and sulphur wash on the Pacific Coast, and the whale oil soap on the

Atlantic Coast. The penetrating materials are crude petroleum

and refined petroleum or kerosene.

Each of these will be taken up and its action and range of useful-

ness defined.

LIME, SALT AND SULPHUR WASH.

This is chemically, when properly prepared, a double sulphide of

lime, with an excess of lime in its composition. It is very caustic

and corrosive when fresh and if it remains dry holds its caustic quali-

ties for a considerable period of time. It decomposes slowly under

such circumstances, giving oil: suffocating and poisonous vapors in

small quantities; but acting continuously upon the insects covered

by it. In the presence of moisture the caustic combinations change

rapidly and dissolve out, leaving only a good coating of ordinary



259 ANNUAL REPORT OF THE Off. Doc.

whitewash which may remain intact a long time. In Central and

Southern California, indeed throughout most of that State, long

periods of dry weather give opportunity for the mixture to produce

its maximum effect. In the moist climate of the Atlantic slope, the

dry winter periods sufficient to allow the insecticide to act, are ex-

ceptional and their occurrence cannot be foretold.

A complete analysis of this material and a technical statement of

just what chemical changes occur, is to be found in Bulletin No. 30,

New Series, of the Division of Entomology of the U. S. Department

of Agriculture. What has been said in the previous jiaragraph pre-

sents the result in a generalized form.

It is fair to state that in Oregon w^here rains are frequent, the

wash is as successfully used as in California, with a different formula

for its make-up. It is also well to say that in the winter of 1900-'01

the Oregon formula was satisfactorily used in Burlington couaty,

New Jersey, while one of the Californian mixtures was successful in

Washington, D. C. Mr. Marlatt had in previous years used the wash
in Washington, fully as well made and applied under favorable con-

ditions, always without satisfactory results. He attributes the suc-

cess of 1900-'01 to a period of dry weather, lasting three weeks after

the application was made. The New Jersey result cannot be explained

in this way, for rain began before the treatment was completed. Inas-

much as in another State the same wash had been an almost absolute

failure, we are left somewhat at sea as to the actual value of the

material under Pennsylvania conditions. Applications will be made
in New Jersey during the present winter under careful supervision

on a scale large enough to determine the practical worth of thfr

mixture in the East.*

Inasmuch as the wash is absolutely safe on peach trees, the import-

ance of a thorough trial is obvious and as some benefit is almost cer-

tain to be derived, it may pay Pennsylvania peach growers to give it

a trial.

The Oregon formula which was used in New Jersey, is as follows:

Sulphur, ground (pounds), 50

Lime, unslacked (pounds), 50

Salt, stock (pounds), 50

This will make 150 gallons of wash.

Slack the fifty pounds of lime in enough water to do it thoroughly,

add the fifty pounds of sulphur and boil briskly for at least an hour,

adding water in small quantities as necessary; then add the salt

and boil hard for at least fifteen minutes more. Add hot water to

make the 150 gallons and apply at a temperature of at least 100 de-

grees. Strain before using and apply with a Bordeaux or similar

coarse nozzle.

•Since the above was written a year has passed. The wash has been extensively used and with
almost uniformly g'ood results. It has become the standard insecticide for this scale In some
localities and is unreservedly recommended as best for peach trees.
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The forumlii used by Mr. Marlatt is:

Lime, unslaked (pounds), 30

Sulphur, ground (pounds), 30

Salt, stock (pounds), 15

Water (gallons), 60

The mixture was steam boiled four hours and applied hot.

A great diversity of directions for preparing this wash appears in

the Pacific Coast publications; but the essential point is that there

must be a very thorough boiling for at least one hour. Two, three

or even four hours are often recommended and the mixture must be

hot* when applied. In all my conversation with Pacific Coast or-

chardists, this ''long boiling" was emphasized.

Straining is always essential, and it should be noted that the wash

is very corrosive. Pump and hose should be most thoroughly washed

after using it and the hose will at best last only a short time.

Leather, rubber or cotton packing must be well looked after in all

cases.

The price of this wash, aside from the labor involved, should not

exceed two cents per gallon and it may be applied at any time during

the winter.

WHALE OIL SOAP.

This was the material first successfully used in Maryland in fight-

ing the pernicious scale, and it can be usually depended upon for

good results when applied at the rate of at least two pounds in one

gallon of water. This is also a very caustic substance and cor-

rodes the scales upon which it is spread. As the scales thin out, the

moisture of the air dissolves the soapy coating and the mixture, in

time, soaks through the covering, coming into contact with the in-

sects belov/. Too much rain may wash off the soap before it has had

an opportunity to produce its specific effect, and the result will be

correspondingly incomplete. At any strength less than two pounds

in one gallon of water, the effect will not be sufiiciently complete and

the tendency has been rather in the direction of using two and one-

half or even three pounds of soap in the same quantity of water.

This makes a nasty mess to spray, and it should be at least warm to

remain liquid enougli to pass readily through the nozzle. Great

thoroughness is necessary, that there may be material enough to

•This not now regarded as essential for good effects; but the mixture sprays better when
warm.
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penetrate through the scale masses on badly infested trees, and that

it may get into the crevices and irregularities of the bark.

This strong soap mixture has one serious drawback. If applied in

the early winter it almost invariably kills the entire fruit set on

peach trees and a large percentage of that on other orchard trees.

As spring advances the bad effect on the fruit buds becomes less

marked and, if the application is made just before the trees start,

little or no harm will be done. This throwing the time of treatment

so far along in the opening season is a great disadvantage, because

any accident to machinery, or a long streak of adverse weather, may
make it impossible to complete the w^ork in a large orchard. On
peach trees even one pound to one gallon of water will injure some
fruit buds if applied early in winter; but on other orchard trees this

seems to be safe.

There is an incidental effect from both of the caustic mixtures de-

scribed. The lime, salt and sulphur wash is a tolerably good fun-

gicide and will kill off a very large proportion of the spores lodged on

the surface of the treated trees. The soap mixture on peach trees

seems to cure the leaf curl.

There are several good fish oil soaps on the market. They are

called "whale oil;" but, as a matter of fact, are made chiefly from re-

fuse fish oil. The writer has tried and can speak personally of three

of these. One is made by James Good, 939 North Front street, Phila-

delphia, Pa., and is a soft soap. Another is made by W. H. Owens,

Catawba Island, Ohio; and is also a soft soap. The third is made by

Leggett and Brother, 301 Peart street. New York City, N. Y., and is

a hard soap. Mr. Good makes two kinds; one that he calls Potash

No. 3, and one containing and an indeterminate quantity of tobacco

extract; but otherwise the same. The tobacco adds nothing to the

soap as against the San Jos6 Scale.

All these soaps are good and any one of them will answer for any

of the purposes for which such soap is recommended here. The cost

of all of them ranges between three and one-half and five cents per

pound, dependent upon the quantity purchased. A gallon of wash

would thus cost for winter applications from seven to ten cents, ex-

clusive of freight charges and other expenses of preparation.

The effect of the material on fruit buds must be always kept in

mind; but where this feature does not become important, as when
trees are not of bearing age, the date of application may be any-

where between January 1st and the opening of the buds.
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KEROSENE.

The results obtained with this material have been excellent so far

as effectiveness against the scale is concerned. They have been ex-

tremely variable in their effect on the trees. 'Some of the New Jer-

sey growers are quite satisfied with it and will continue to use it;

but the majority prefer the crude petroleum.

Kerosene may be used either undiluted, in a mechanical mixture
with water or in the form of an emulsion with soaj).

For winter application the emulsion has proved a failure, prac-

tically; but as it is a standard mixture, the directions for making it

may be here given.

Kerosene (gallons), 2

Water (gallon), 1

Hard soap, shaved fine (pound), ^

Dissolve the soap in boiling water, warm the kerosene and pour
it into the boiling suds. Churn with a bucket or other force pump for

about five minutes, by pumping from and into the bucket through a

coarse nozzle. This will result first in a milky white mixture and
soon in a thin cream that becomes difficult to pump. It will be

pure white when cold and of the consistency of butter at a tem-

perature of sixty degrees.

This emulsion contains sixty-six per cent, of kerosene and may be

mixed with water to any extent; if well made it will keep, without

separating, for several days. For summer applications this material

has a great range of usefulness; but it is not so good against scale in-

sects as the whale oil soap and not so satisfactory as the mechanical

mixture. Rain water or other soft water should be used in making
the emulsion; if only hard water is available, it should be softened

with soda or borax.

A mechanical mixture of kerosene and water is made by pumping
with the same stroke from a kerosene and a water tank in such pro-

portions as is desired. The liquids join near the nozzle and are forced

out together in a milky, white spray. Anywhere from ten per cent, to

fifty per cent, of kerosene to a corresponding percentage of water

may be thus applied and a fifteen per cent, mixture is quite effective

against scale larvae and recently set scale insects. But nothing less

than a fifty per cent, mixture will serve for full grown scales and even

this will not always give realiable results.

Undiluted kerosene has done best for me, in my own practice and
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some others have done equally well; but ou the other hand, some have

obtained bad results only. It seems to be very largely a matter of

locality and climatic conditions. The same experimenter has spray-

ed peach trees safely with undiluted kerosene in one section of his

State, and killed every treated tree in another. Therefore undiluted

kerosene should be cautiously and experimentally used, especially

on peach, until its local effect is determined. The precautions to be

observed are: Spray with a very fine nozzle; use no more than

enough; see that the trees are dry and that the weather is such as to

favor rapid evaporation.

The cost of kerosene varies from six to ten cents per gallon accord-

ing to locality. It is therefore about as expensive as whale oil soap

of equal quantity; but kerosene is so much more penetrating and

spreads so much better, that a given quantity will cover almost twice

as much surface as the same quantity of soap suds.

Kerosene depends for its effectiveness upon its penetrating power

which carries it through and under the scale, into contact with the

insect below.

CRUDE PETROLEUM.

Crude petroleum is the natural product as it is obtained from the

oil wells, and varies greatly in composition. I need not go into de-

tails ou this point further than to say, that to be useful for insecticide

purposes it should have a paraffine base and, if used undiluted, should

have a specific gravity of forty-three degrees or over on the Beaume
scale. I do not mean to assert that oils with an asphaltum base may
not be useful ; but I know nothing about them as insecticides. There-

fore, whenever crude oil, or crude petroleum is mentioned in this Bul-

letin it must be understood as a parafiine base oil of forty-three de-

grees or greater specific gravity. Such oil is produced in Pennsyl-

vania, West Virginia and Ohio, and it may be either green or amber
in color.

Crude oil contains the light napthas, the somewhat heavier illumi-

nating oils, and, in addition, a variable (juantity of paraffine and vase-

line. When it is sprayed on a smooth surface so as to make a thin

covering, the light oils evaporate in a very short time, leaving a film

of greasy material which is the vaseline and paraffine. If the surface

be non-absorbent this film will remain indefinitely through heat and
cold, provided dust be excluded. In the heat it will thin out a little;
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in the cold it will thicken. If dust be admitted it will adhere to the

greasy surface until a layer is formed so thick that all the fatty mat-

ter is absorbed in it. If the surface covered by the film be absorbent

every particle of the vaseline will find its way into the absorbent ma-

terial unless a dusty or other covering absorbs it.

Precisely this happens when a tree is sprayed with crude oil. The
light oil is very penetrating, and soaks at once through the scaly

scurf, carrying down also the vaseline and wax into contact with the

insect. In a very short time this light oil is gone and the greasy

coating alone remains: the scales absorb and hold* this. On trees

with a smooth, Avaxy bark like certain pears, the surface is not ab-

sorbent, the coating remains and no young scales can set until, by

growth, uncovered bark appears, or until the dust has taken up the

grease and the coating rubs or flakes off.

On peach, the bark is absorbent except on the newest shoots, and

wliatever vaseline is left after soaking the scales gets into the plant

tissue. If the bark is coarse and thick and the vaseline film thin, no

harm is done; the inert outer layer takes it all. If the bark is thin

and sensitive and the coating thick, the vaseline will replace the con-

tents of the plant cells and kill them. It will continue to penetrate

until it is all absorbed and so we have kills. In 'Southern States the

bark on peach is more sensitive and thinner than in the North; hence

oil, unless carefully used, is dangerous or fatal. In the latitude of

Philadelphia it is safe with reasonable care.

I have been thus explicit concerning the crude oil because I be-

lieve it to be the most effective material txius far employed against

the scale, and reasonably safe for all trees when its use is understood.

The killing power is not only in the light oils, but in the vaseline

residue; in fact, coating an infested bark with vaseline would re-

sult in the death of every covered scale; probably also in the death

of the tree.

I have treated all the ordinary orchard trees with crude oil at all

period.^ from recent dormancy to just starting and never killed a tree.

I have killed peach bud® by soaking them with oil, from a brush,

but secured a full crop after spraying in October. I first sprayed

and afterw-ard painted a young peach and had a full show^ of flowers

next spring. So I have drenched an apple by letting the oil run down
from the tips of the twigs until the whole tree had as much oil as

would stay on it. I killed the outer layer of bark on the trunk and
large branches; but this flaked off, leaving a beautifully smooth bark

underneath. The tree was as badly infested as it could well be and
a few twigs died from the combination of oil and scale; but not a bit

of real injury was done. Yet I know that others have been less for-

tunate. One careful man finds it almost impossible to nse the oil

safely on Ben Davis apples; another who lives not ten miles away
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from him declares tliat it is impossible to hurt lieu Davis no matter

how much oil jou i)ut on.

Mr. John Repp, of Glassboro, N. J., used 1,000 gallons of oil, undi-

luted, during the winter of lOOO-'Ol, without hurting a tree; and his

case is not exceptional.

In the peach district of North Jersey the crude oil, used in a me-

chanical mixture with seventy-five per cent, of water, finds most

favor, and this seems to be the result of experiments made on peach

by others.

In a mechanical mixture containing twenty-five per cent, of oil,

each particle of oil is accompanied by three particles of water, and if

the spraying be as carefully done as with undiluted oil, the same
amount of oil is made to cover four times as much surface. As the

water evaporates or is absorbed, the vaseline and parafiSne remain;

but the coating is only one-fourth of what it would be were the oil

applied pure.

It must be remembered that the oil is the killing agent and there

must be enough to kill the insects. The water simply spreads the

same amount of killing material over a larger surface. The evidence

seems to be in favor of the effectiveness of the twenty-five pfer cent,

mixture and its safety on trees. It may pay the careful man to ex-

periment a little, especially as for this a lower grade oil may be used.

It makes a difference on peach as to the time when the oil is ap-

plied. Trees treated in January have been killed where others in ad-

joining rows, treated in March, were unhurt. Bark completely dor-

mant is ijrobably more absorbent than that in which the sap is ris-

ing. On apple, pear or plum, it makes little difference at what time

of the winter the application is made. Fruit buds will not be harmed
by any reasonable covering. Yet I would not recommend treat-

ment to be made before January. So I would prefer to have trim-

ming done after the spraying, for if done before, the cut surfaces

would absorb a certain amount of oil. If the cutting is close to the

branch this absorption may cause injury; but if one-half to one inch

stubs are left, no harm will be caused and the trimming may be done

before the spraying.

As to the price of the crude oil, that has varied from season to

season and will vary in Pennsylvania in proportion to accessibility.

In New Jersey, the Standard Oil Company demands thirteen cents

per gallon and gets it. For this they furnish a green oil,—Insecticide

oil they call it,—that tests forty-four degrees or very close to it. In

Ohio, oil testing as low as thirty-five degrees has been safely used in a

twenty per cent, mechanical mixture. I would be afraid of oil so low
in grade; but forty degrees or possibly thirty-eight degrees might be

safe in a twenty-five per cent, mixture if there is a material difference

in price.
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SUGGESTIONS FOR rRACTICE.

From the information given in the preceding pages, the fruit

grower should be able to determine upon his plan of campaign
against the pernicious scale; but a few suggestions based upon prac-

tical experience may not be amiss.

If the grower does the work himself, he can get along with crude

oil only. If he must depend more or less upon hired help, whale oil

soap should be on hand for the summer applications unless he prefers

lime. At least once a month—better once every two weeks—every

tree in the orchard should be looked at closely enough to note any
serious increase in the scales. Whenever larvae are noted in such

numbers as to render injury probable, the tree should be marked for

immediate attention and this attention should be given—not merely

intended. Whale oil soap, lime or crude oil may be used as indicated

uL'der the head of summer treatments. The inspection in late Sep-

tember or early October should be especially close, to lessen the num-
ber of scales that are to be reached by winter treatment. I do not

suggest treatment whenever larvae re seen on a tree, unless summer
v.ork is to be altogether relied upon; only when the insects occur

in dangerous swarms. Spraying should not be done when the fruit

is neariug maturity, especially in peach; but should be done, if need-

ed, soon afterward, to prevent a drain that may interfere with the set-

ting of fruit buds.

AVhen the foliage is all off, or at any time in December, a system-

atic and careful inspection should be made to determine what trees

should be treated. I am by no means in favor of dosing every tree

because here and there a scale may be detected. Where scales are

well distributed over a tree, treat by all means; but if only a few ex-

amples can be found by close search, give the tree another year.

In all except peach orchards I would unhesitatingly suggest crude

petroleum for the winter treatment. Pears may be treated first,

any time after the beginning of January, Plums may follow next.

Apples had better come in February, and if peaches are also to be

treated, let them come last, in March. My personal preference is in

favor of the undiluted oil, carefully applied, for the following reasons:

The oil alone kills; if only oil is applied, every particle is effective; if

oil and water are applied there are three or four ineffective particles

and where these strike, no benefit will be derived; any carelessness

that results in the irregular action of the emulsion pump produces

17—6-1002
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irregularity in results. Yet on peach it may be safer to apply the

twenty-five per cent, mechanical mixture, unless either the lime, salt

and sulphur or the soap mixture is preferred.* The former may be

applied any time when a dry spell seems likely. The latter should

be delated just as long as it is safe to do so.

If undiluted oil is used, it should not be too cold. It is very fluid

at ordinary temperatures but thickens a little when they are low.

The oil is a bad conductor and if a barrel comes from a room at

sixty degrees, it can be completely sprayed out before it loses very

much, even in a freezing temperature.

The horticulturist must ever be observing, ready to act at a mo-

ments notice, persistent in the fight, ready to take advantage of

any opportunity to lessen the pest and studious to find what is the

best practice in his own surroundings. He must not be afraid to

try experiments and should not allow an occasional failure to dis-

courage him.

The man who brings the most intelligent consideration to bear

upon his own case will be most successful in the end.

MACHINERY AND HOW TO USE IT.

Tlie important point to be looked to, if oil is to be used, is the

nozzle. Any good pump will do to supply the power; but there must

be a Vermorel nozzle with a fine tip to distribute the material. This

should be so, even if a mechanical mixture is used. On large trees

a group of two nozzles or even a triplet may be used; but always get

the cap with the smallest opening. A gas pipe spraying rod ten

feet long is an excellent bit of accessory apparatus and it should have

a shut off at the bottom.

For whale oil soap, a Vermorel nozzel wdth an opening of larger

size may be used; ©r a Seneca, Bordeaux or McGowan nozzle will

answer. For lime, salt and sulphur the Bordeaux nozzle is especially

suitable, but there are others that will serve almost equally well.

The Vermorel nozzle may be obtained from all makers of insecti-

cide machinery, and almost every one of these has something that

corresponds with the Bordeaux nozzle, throwing an adjustible, fan-

shaped spray. It is important that a nozzle for the lime wash be

easily cleaned in case it becomes obstructed.

As to the pump for straight forward spraying, there are so many
good machines on the market that it is unjust to recommend any one

*Tbe tlm«. lalt and sulphur wash it now recommended In prefereoct to all other*.
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make over all others. Every agricultural paper lias tlie advertise-

ments of lialf a dozen makers and each will readily send descriptive

catalogues.

Each man must select a pump according to his needs and he should

remember that, while a powerful pump can be made to do a little

work, it is not possible to make a weak pump do work beyond its

capacity. Be sure to get oue fully equal to your needs.

For orchard work, it is economy to have a good pump of large ca-

pacity that may be mounted on a barrel, on a tank wagon or even on

a wagon platform with a suction hose to go into the barrels of spray

mixture.

A good pump is one in which the valves and all the working parts

are of brass, which is simple in construction, has a good sized air

chamber, metal packing, a stout wrougli't iron frame, and a good

leverage. Rubber is objectionable if oils are to be used, but leather

is admissible. For the caustic washes, especially the lime, salt and

sulphur, neither rubber, leather nor cotton will prove lasting.

Besides a pump of large capacity, a knapsack pump is often useful

in orchard work, especially among young or dwarfed trees. Particu

larly is this so when summer treatments are to be made. The knap-

sack pump should have a detachable oil tank for applying mechanical

mixtures of oil and water.

Of the emulsion pumps, only two types are known to me that come

up to reasonable demands. One series is made by the Goulds Manu-

facturing Company, Seneca Falls, N. Y., the other is made by the

Spramotor Company, London, Ontario, Canada. Both of these are

good and both come in various sizes and styles, from which the pur-

chaser must select that which best suits him. In using these emul-

sion pumps a few simple rules must be observed to make their work

reliable.

Work the lever evenly and, so far as possible, continuously. If

spraying must be stopped, shut off both pumps at the base attach-

ment. Never allow either oil or water to get below the suction

point. Attention to these details may make all the differences be-

tween success and failure.

As to prices for machinery, these vary so much that no safe esti-

mate can be given. It depends upon the accessories needed and upon

the demand to be made upon the machine. A good pump is always

a cheap pump; but a cheap pump is not always one that costs least

money.

17
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THE NUESERY PROBLEM.

The agency of nurseries as distributors of insect pests has been

elsewhere dwelt upon. The methods to be adopted to prevent this

distribution are matters of control by the State authorities and not

within the scope of this article.

Experiments have shown that so far as the pernicious scale is con-

cerned, stock may be thoroughly cleared of it by careful fumigation

with hydrocyanic acid gas. As this destroys also many other fruit

pests, it is not an unreasonable requirement that nurserymen should

fumigate all their fruit stock before sending it out.

Fumigation as here used, means exposing the dormant stock to

the action of the gas in a properly constructed room or building, for

a time sufficiently long to kill the pernicious scale.

A properly constructed room or house is one that is gas tight. It

is best made of wood, may be of any desired size or shape, should

have double walls with building paper between, should be ceiled with

tOEgued and grooved stuff closely fitted and should have closely fitted

doors and one window to be closed and opened from without. There

need be no flooring; but unless the stock is fumigated on a wagon
backed into the house, there should be a slat floor a foot above the

ground. In the center there should be a place for the gas generator

which may rest upon the ground. If a wagon is used, the generator

may go under the wagon. The space below the slat floor is to allow

the diffusion of the gas in every direction. The stock should not be

packed too tightly and should be so arranged that toward each corner

there should be a tolerably open chimney or passage through which

the gas may get to the ceiling.

The formula for each 100 cubic space is:

Cyanide of potassium, 98 per cent, pure, by weight, 1 oz.

Sulphuric acid, sp. gr. 1.83, by measure, 2 oz.

Water, 4 oz.

Pour the acid slowly into the water and when everything is ready,

drop the cyanide, broken into small lumps, into the mixture. In a

small house, the cyanide in a paper bag can be dropped by hand into

the jar and before this bag is penetrated the operator can get out and

close the doors. . In a large house, wdth considerable stock, the bag

of cyanide may be suspended over the jar by a string, attached near

the doors. When the doors are ready to close, release the cord that

the bag of cyanide may drop into the dilute acid and close the doors
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tightly. The jar may be any glazed earthenware vessel, sufiQcientl}

hirge to hold double the amount of liquid necessary. This is to avoid

slopping or sputtering over, when the formation of the gas begins.

Fully dormant stock may be safely exposed one hour or more. Apple

and pear will stand a much longer period. Peach is most sensitive

and, if the exposure is to be a long one, the amount of material used

should be reduced one-fourth. At that strength a house may be

left closed all night. The essential points are an absolutely tight

house; the generator in the middle and a chance for the gas to reach

all parts of the room readil3\

It should be remembered that all the materials used to produce

this gas are violent poisons and the gas itself is extremely poisonous.

Care should be taken not to inhale any of it and, when the fumigat-

ing house is opened, this should be done from the outside in such

a v/ay as not to get the tirst whiff from within. The one needed

window should be opposite the door, and both doors and window
should be open for at least ten minutes before the house is entered.

Infested stock thus fumigated has been planted out, closely watch-

ed and found free after three vears. The effect is absolute if the

work is well done and therefore it is well within the police power of

the State to require the nurseryman to erect and maintain a proper

fumigating plant, and to see that he understands its use. The

nurseryman should not be hampered in. his business more than is

absolutely necessary to protect his customer, and this is a limita-

tion that my experience with the trade leads me to believe will be

acceptable.

FINALLY.

While the San Jo^6 or Pernicious Scale is a most destructive insect,

it has its good side. Its advent has stimulated the horticulturist

to a closer study of his subject. It will drive out the incompetent
and unintelligent grow-er by killing his trees. It will tend to the

production of more limited crops of better fruit, for which better

prices may be obtained.

And, after all, we can control the insect if we set out earnestly to

do it. If we cannot grow fruit without it, w^e can do so in spite of

it. It has been and is being done in New Jersey.
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CANNING OF FRUITS AND VKGETABLKS.

By Prof. George C. Butz, State College, Pa.

THE CANNING INDUSTRY.

The enormous quantity of canned goods that is annually put up

by American factories is astounding, to say the least, and when con-

sidered commercially, is well worthy the distinction of an industry.

The pioceers in the business may have hesitated to invest largely

in this stock, but it is certain now that the canning industr}^ is on as

permanent a basis as is the iron or coal industry. The successful

preserving of fruits and vegetables in tin wrappers in quantities to

supply the world and for a price that will carry the goods into the

humblest home, has been demonstrated by the experience of more
than a quarter of a century. The demand for canned goods steadily

increases from year to year, and it may be said eveti now that a large

part of our population is wholly depending upon the canner for the

fruit and vegetable part of their diet. This is true not only of the

millions who dwell in tenements and other thickly populated por-

tions of our cities, but also of other millions who formerly grew their

fruits and vegetables in private gardens and abandoned them in

favor of the canned articles which may be had at a less cost and with

less labor.

A steady increase iu population requiring increased quantities

of foods, the introduction of special machinery to economize labor

and cheapen production, and the tendency of men to engage in special

and limited lines of work, force us to admit our mutual dependence

for the products of each others labors. And so the canning indus-

try has attracted to itself the men who are specially qualified to

prepare and preserve certain foods which could not be enjoyed by

millions of their fellowmen, except for this art of canning. The

demand for canned goods will continue to grow and it is next to im-

possible to estimate the probable development of the next quarter

of a century. The growth of the business done in the past decade is a

pretty fair index of what may be expected in the future. In the

reports published by the American Grocer, the total packs in

America of tomatoes and corn for the past ten years are expressed

in figures as follows:
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TOMATOES.
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The permanence of a business dealing with such quantities eau-

uot be questioned. It may be remarked also that the total output

of the canning factories of this country in vegetables and fruits is

practically all consumed within our own boundaries. The foreign

shipments have been small, simply because the home consumption

has held all the goods in thie country. Tlie Trade, of Baltimore,

a journal for canners and grocers, in a weekly review of September,

1901, says:

^'Meat has for many years been one of the steady articles of supply

which the new world has sent to the old. Fish in the form of salmon

and sardines, to say nothing of oysters and barreled fish, have fur-

nished vast amounts of exports to foreign people, and it is as certain

as the rising and setting of the sun that cauned goods will yet form

a vast amount of exports from America to Europe. If Europe, how-

ever, counts upon America for any exports of canned vegetables and
fruits this year, she will have to be prepared to compete with our

home consumers for what she gets. There will be no surplus of any-

thing this year for exports."

It is difficult to obtain statistics of the latest pack because the

packers are not inclined to tell their output for fear of influencing

the market against them.

THE HISTORY OF THE DEVELOPMENT OF CANNING VEGE-
TABLE PRODUCTS.

When we look for the beginning of canning fruits and vegetables,

we find the credit and honor of the discovery is accorded to a French-

man named Appert, who in 1810 published under the authority of

the French government the results of his experiments in preserving

fruits in air-tight packages after boiling. As early as 1819, Thos.

Kensett, who probably learned the art before leaving Eogland, is

known to have put up canned goods in New York in "partnership with

Ezra Daggett. This firm obtained a patent io 1825 for an improved

method in the art of preserving, from the United States government.

During the subsequent fifteen years other attempts at preserving

fruits, vegetables and fish were made in several quarters along the

eastern coast, but they were not all successful. Isaac Winslow, of

Portland, Maine, began his experiments in canning sweet corn ir:

1839; at first he boiled the whole ears without satisfactory results.

He then cut the corn from the cob before boiling, but was disap-

pointed to find, later, that nearly every can swelled. He persisted,

however, in his effort to find the error of his ways and after many
years of failure and partial successes he perfected his methods and
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secured a patent for it from the United States in 1862, several years

after the application had been made. Isaac Wiuslow was the first

to pacji sweet corn in cans for sale. In 1847 the first tomatoes were

packed for sale. This was in New Jersey. It was not long before

small canning factories were established in several States east and

west, but many reverses were met with from time to time to dis-

courage very extensive packing. As late as 1878, the corn packers

of Maine lost their entire output by having it spoil, for a reason

which they could not then discover. E. D. Duckwall referring to

this evect in his '•Bacteriology" of canning in 1899 says; "The few

manufacturers in Maine at that time suddenly had a very rough ex-

perience in 1878, when the entire output spoiled, nor were they ever

afterwards able to sterilize their cans by the boiling process. Capi-

tal had been invested, and the business had been growing rapidly

before, and now every thing seemed to be lost. New locations were

tried, longer times of boiling were given, but without avail; the corn

seemed to have changed into a new product which would not keep.

Some manufacturers sent samples to chemists for analysis to find

out what caused the trouble, but the real cause not being known they

could not give the manufacturers any information of practical value,

except that the spoiled corn contained small rouod globules which

were not dissolved by boiling heat." Such experiences kept canners

shy of making heavy investments until a closer study of the diffi-

culties brought about such modification of the processing of corn

that "swells" became infrequent and are now reduced to a very small

fraction" of the pack.

Tweoty-five years ago the demand for canned goods became brisk

and factories were springing up in many of the States, prominently

in Maine, New York, New Jersey and Maryland, the last named being

a strong leader in the industry for several years. In 1890, it is re-

ported that 2U,0U0 factories were in operation in the United States,

a-ud it is very probable that the late census will show that the num-
ber has more than doubled with greatly increased facilities.

CO-OPERATIVE CANNERIES.

In recent years, agents of canning machinery manufacturers have

visited rural communities to induce farmers to organize themselves

into companies to grow vegetables and erect a canning factory to

pack the crops. All encouraging information was freely given and
the so-called "secrets" of canning were promised in the event of

organizatidn. The agent was interested only to the extent of mak-

ing a sale of the factory outfit for which, often, an exorbitant price

was charged. It stands to the credit of the farmers, however, that
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but few such factories were established, probably the sad experiences

of the co-operative creameries restrained them from venturing upon

anything that had the word "co-operative" attached to it.

INDIVIDUAL MANAGEMENT.

The nature of canned goods is such that the management of the

business of the factory is most successfully conducted when it is

reposed in one responsible head. The person chosen may represent

a company, but he should be possessed of such business traits that

all confideoce may be placed in his ability to buy materials and sell

goods. He must have in his employment a "processor" whose ex-

perience will bespeak a successful pack. Such men are paid from

$50 to |150 per month, according to their qualifications. The work
of the processor requires the greatest amount of skill, and while

formerly a great degree of mystery was thrown about his work to

guard the "secrets" of c&nning, it is now well known that there are

no secrets, except where the use of preservatives forbidden by law is

practiced. Canners have learned that it is better for them to throw

open their factories to visitors, permit the closest inspection of their

operations and disclaim any secrets, and thus retain the confidence

of the people in the cleanness, wholesomeness and purity of the

foods they can. No person can steal a processor's skill by a visit to

his factory; nor can one equal the capper's speed by watching him

at his work.

Farmer's are benefited by having canning factories operating in

their section of country, as they find it more profitable to grow to-

matoes, corn or peas for the canner than by growing any other

crop. The basis of calculation is upon present prices paid for raw

materials. The yield of tomatoes varies greatly in different years

and soils. It may be considered as coming somewhere between 8

and IG tons per acre, a fair average yield being 12 tons or about 400

bushels. During the past season farmers contracted to supply to-

matoes to the factory at i^6 per ton, but owing to the unfavorable

conditions existing in September, many canners were eager to get

tomatoes at a much higher figure.

Corn does not figure so well. The yield from good land is about

4 tons per acre for which the canner pays about $6 per ton. Where
corn is being extensively canned, as in New York and Maine, the

farmers count it a little more profitable to grow sweet corn for the

canner than to devote the same land to their usual crops.

Peas of the varieties grown for canning will yield 75 to 100 bushels

per acre. Packers pay from 75 cents to f1.25 per bushel. The farm-

ers of Delaware when peas are extensively canned, realize an aver-

age net profit of |20 per acre, after accounting for labor, seed and

fertilizer.
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LOCATION OF CANNING FACTORIES.

Thei-e are several important considerations that determine the

proper location of a factory. While there are a number of large

factories in the principal cities, the great majority of them are in

the small towns scattered over the country districts. Here the

canner is in close proximity to the vegetables or fruits which he cal-

culates to pack, aod he may have them delivered at his factory in

the freshest possible condition. Too much stress cannot be laid

upon this consideration, for the quality of canned goods depends

largely upon the condition of the raw material at the time of canniog.

If fruits and vegetables must be bruised and heated by much hand-

liog and close packing for transportation, they cannot be expected

to turn out of the cans with as fine an appearance and flavor as the

goods that does not suffer such injury. The many establishments

in the cities take advantage of the great surplus of vegetables and

fruits that constantly pour into the markets and being perishable

must be sold at any price.

If a locality possesses a soil aod climate adapted to the growing

of such vegetables and fruits that it is desired to possess, it is a

simple matter to induce the farmers of the region to plant and grow

them when a profitable market is in sight. The farmers of Pennsyl-

vania have long felt that they must find a crop to take the place of

so much wheat, which it is no longer profitable for them to grow.

Wherever factories have been successfully conducted, the farmers

have been pleased with their experience in growing and supplying

the raw materials, and they have profited greatly by the changes

brought about by the establishing of a canning factory. The two

vegetables most extensively canned are tomatoes and sweet corn,

and neither is very exacting as to the character of its soil, therefore,

one needs not travel far to find a suitable locality for a factory so far

as the soil is concerned.

Tran^'portat^on Facilities.—The facilities for carrying goods to the

centres of trade have much to do with the success of a canning

business. Therefore it is desirable to choose a location with railroad

and telegraph or telephone cummunications. Without railroads a

canning factory cannot draw the raw materials more than a few

miles and its possible output would be exceedingly limited, and the

marketing of its goods very expensive. On the other hand, with rail-

road facilities the raw materials may be drawn from a much larger

territory, and the cased goods can be placed in the markets at the

least expense. If a private side track of railroad can be placed

close to the factory, much time and labor may be economized in the

loading and unloading of materials shipped and received. The wai-e-
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room in which the cased goods is stored may also be conveniently

located along the side track.

Water /Supply.—An abundant supply of pure water is constantly

needed during canning operations. Materials must be washed or

scalded, utensils and machinery kept clean, and in the processing

so much steam is used up that the boiler requires frequent replenish-

ing with water.

Lciborers.—It is also well to consider the matter of securing the

necessary help to carry on the operations of canning to the fullest ca-

pacity of the factory. If the factory can be located where the com-

munity can suppl,y sufficient hands, men and women, to successfully

operate it the difficulties that attend the employment of noa-residents

will not be met with. The great bulk of canned fruits and vegeta-

bles is put up within three months and during that time the perish-

able goods are brought to the factories in immense quantities. At
such a time a single day's idleness or insufficient help, will entail a

great loss to the business. About 10 hands (unskilled), will be

needed to run a factory of 2,000 cans per day capacity.

CAPITAL REQUIRED.

The amount of capital necessary to properly conduct a canning

business may be much or little, according to the capacity of the

factory and the variety of goods to be canned. There have been

remarkable financial successes in this business, but equally remark-

able failures also, and the latter have frequently been attributed

to insufficient capital forcing the sale of the entire stock of goods

when the market price is low. With sufficient capital to carry the

larger part of the stock until there is a real demand for it, a fair

profit will be realized and dividends may be declared. For instance,

a small factory for canning tomatoes, with a capacity of 2,000 cans

per day may put up 80.000 cans by operating 40 days. It will have

a building and outfit of machinery and tools costing about |700.

The cans will cost 11,000, the tomatoes |1,000 and the skilled and un-

skilled labor for forty days will cost .|650, sundry items of expense

$50, making in all a total of |1,000. If such a concern is capitalized

at |2,000 with the expectation of making quick sales to pay for ma-

terials consumed, it may be forced to sell the entire pack at almost

cost to meet its obligations and then find no profit in the investment,

but with a capital of |3,000 or better, $4,000, labor may be promptly

paid, the farmer will be made happy with his cash and all materials

will be paid for at cash prices. The canner is then independent with

his pack and can wait for a market that will pay him a profit of 10,

15 or even 20 cents per dozen cans of his tomatoes and he has

realized from 20 to 30 per cent, upon his investment and owns his

factory clear of debt.
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Several of the largest canning establisliments are capitalized with

over a million dollars, and operate many factories running night

and day during the busy season, each factory at its best turoing out

50,000 cans per day. Such large concerns are developed only after

years of experience in the management of smaller establishments.

This brief bulletin is prepared to meet the queries of persons seek-

ing their first information about the canning business, and not as a

guide to the experts.

The small canning factories putting up a limited quantity of but

one line of goods are better able than a large factory to give the

closest attention to details and thus can insure an excellent quality

in what they pack. Many of these factories contract to put up
goods for large factories and thus dispose at once of the entire

pack. A fair price may be secured in this way, but large profits

due to real or fictitious ''short supply" reports are sacrificed to the

larger speculator in the goods.

The jobbers in canned goods are often responsible for extreme
fluctuations in the market, and the small packer having no oppor-

tunity to know the exact condition of the supply is induced to sell

on a very small margin of profit. The packer should keep himself

informed concerning the true state of affairs with information from
the most reliable sources, that he may protect his interests against

tlie misrepresentations of speculators. Much canned goods is sold
' at first hand below cost, simply because the packer could not afford

to hold his goods until an apparent glut was removed.

As an illustration of a remarkable development of a great estab-

lishment from a small beginning, we need only turn to the famous
pickling and preserving house in our own State, that of H. J. Heinz
Company, at Pittsburg, Pa. They write that "In 1869 the present

business of H. J. Heiuz Company was founded in Sharpsburg, a
little suburb of Pittsburg, Pa., on three-quarters of an acre sown
with horse-radish. The founder of the company was its entire force

of cultivators, and two young girls were its manufacturing staff

—

grating the horse-radish for market. A common wheelbarrow was
the only vehicle used by the company for marketing its products,

and the entire manufacturing was done in a small two-story brick

building. At the present day the expanded company is planting

18,000 acres with its own seeds and gathering the fruits of many
thousand acres more. Its main plant at Pittsburg, Pa., occupies

17 large buildings, and it has 38 salting stations, 9 branch factories

and 26 branch warehouses and offices, and employs steadily over

2,500 workers. Its original wheelbarrow has expanded into huge

drays and speedy automobiles and a host of Heinz refrigerator and
tank cars running throughout the United States." Inspection of this

magnificent plant is Invited and every courtesy is extended.
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ARRANGE ME:NT AND PLAN OF FACTORY.

Whatever capacitj^ of factory may be planned for, the dimensions

of the building should be ample enough to permit; the most conven-

ient disposition of tables and kettles, so that there shall be no undue
crowding of the workmen, and at the same time to secure such a

compact arrangement that no unnecessary traveling is called for in

passing from one step to another in the operations. A building

20x40 feet, tw'o stories, will accommodate the outfit and necessary

workmen for a capacity of 2,000 cans of tomatoes per day. For a

capacity of 10,000 cans per day, the floor dimensions of the building

should be 30x75 feet. The plan is not necessarily a rectangle. It

may be more convenient to make the structure in the form of an L.

For a capacity of 20,000 cans per day with the machinery for canning

fruits, vegetables and meats, a building 50x100 feet would afford

ample room. This, however, does not make allowance for a ware-

room, which should have about an equivalent space.

The plan should permit wagons bringing raw materials to pass

over scales, to make record of the weight of each delivery before

reaching the receiving platform. Close to this supply is placed the

scalding kettle in which the first step in canning tomatoes is taken.

From here they are placed upon the peeling tables to be peeled.

This is work that must be done by hand and for which women are

usually employed. The peeled tomatoes are passed to the packing

tables if the cans are filled by hand, or to the hopper of the filler

if a machine is used. The cans are then capped upon the capping

table, tested in the exhaust kettle and when effectually sealed

they are submitted to the cooking process in the process kettle.

After the cans are cooled, which may be hastened by passing through

cold water, they are temporarily placed in cases and stored until a

suitable time for labeling. It is evident, therefore, that much time

and labor may be economized by so aiTanging the tables, kettles

and other apparatus to admit the simplest handling from step to

step in the series of operations.

The firms supplying canning machinery are prepared to submit

designs for any style of factory to suit any set of conditions that

may be proposed to them, and the cost of the structure can be es-

timated by a local builder.
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CANNIA^G FACTORY OUTFITS AND SPECIAL MACillNERY.

The simplest outfit for a canning factory is that used for canning

tomatoes at the rate of 2,000 cans per day. For tliis it is customary

to have a !') II. P. hoiler to fuinish steam for healing the water in

the scaUiing kettle, the exhaust and process kettles; but a number
of small factories are operated without a boiler by heatiog the ket-

tles over a furnace. A scalding Jcettle is usually of cast iron with a

Double Dump Scaldek.

capacity for 60 gallons. Into this the tomatoes are dipped by means
of scalding baskets which are made of galvanized iron w'ire and hold

a bushel. The peeling tables come next into use to hold the scalded

tonuitoes. Here about 9 women peel the tomatoes and put them
into 14 quart indurated fibre buckets, of which about 2 dozen should

be kept on hand. At least 2 dozen peeling knives are needed at

this table. A packing table comes next into use, where the to-

matoes are placed in the cans. As the cans are filled they are placed

on the capping table., where with capping steels the tin caps are sol-

dered on and the air vent is tipped with tipping coppers. On this



272 ANNUAL, REPORT OF THE Off. Doc.

table or convenient to it is placed a gasoline fire j)ot to heat the

soldering tools. The next recjuii'enient is the exhaust crate made
of strap iron in which the cans are placed in a single tier and w hieh

by means of a crane is lowered into the exhaust kettle to drive out

the cold air. Van tongs are used to remove cans if necessary while

they are hot, and lastly the process crate is used to carry two tiers

of caos into the process kettle for the final boiling. A complete

list of such an outfit is as follows:

Outfit for tomato canning plant 2,000 3 lb. cans capacity ])er day.

Without boiler, kettles bricked in, heating by furnace.

1 Cast iron scalding kettle, 00 gallons.

1 Exhaust kettle, boiler iron, diameter 3(! inches, depth 21 inches.

1 I'rocess kettle, boiler iron, diameter 30 inches, depth 24 inches.

4 Scalding baskets.

2 Exhaust crates, 1 tier.

2 Process crates, 2 tiers.

3 Sets of grate bars.

3 Furnace doors.

1 Crane, complete.

1 20 gallon gasoline tank.

1 Air i)ump for gasoline tank.

1 Air gauge for gasoline tank.

1 Gasoline fire pot.

1 Floor truck.

4 Capping steels.

4 Tipping co})pers.

1 Forging stake.

1 Vise.

1 Thermometer.

1 Platf(Hin scale.

2 Can tongs.

5 I>ozen peeling knives.

1 Syrup gauge.

1 Hammer.
24 Buckets, 14 quarts.

6 Capping trays,

2 Peeling tables, 2x10 feet.

1 Packing table, 3^x8 feet.

1 Capping table 3x8 feet.

The estimated cost of this outfit when su])plied by any of the re-

putable houses dealing in canning nmchiuery, is |210. If the boiler

is used instead of the furnace, the cost of the outfit would exceed

|450.
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INCREASING CAPACITY.

If success attends the niauagemeiit of a small factory and the ex-

perience of a few years warrants expausion, it is not a diflicult mat-

ter to iutroduce the modern machinery which has reached a high de-

gree of perfection and is made to replace most of the hand labor of

the small factory. In a factory with a capacity of 40,000 cans per

day we find two 60 H.P. boilers to supply steam and power instead

of one lo n. r. boiler, a power scalding machine that will do the

work of ten men, a platform conveyor for the peeli«g tables to carry

the peeled fruit to the filling machine. The Lockwood Gang To-

mato Filler easily fills 40,000 cans in ten hours. This outfit in-

cludes also special machinery for capping the cans and a sufficient

number of process kettles to do the cooking as fast as the filled cans

can be furnished. Such machinery is expensive, but when it is run

at its full capacity the cost of canning is greatly reduced. When
special lines of goods are to be canned in large quantities, it becomes

necessary to have special machinery, as for instance, for corn there

is needed one or more cot'ii cutting uiachmes. These machines cut

the green corn from the cob more perfectly than can be done by hand,

and receive the ears as rapidly as an operator can place them in

position in the trough that feeds the knives. Such machines cost

from $150 to $300 according to the style and capacity. A cor?i silk-

ing machine is used to remove the silk and bits of cob from the corn

after it is cut from the cob, such machines vary in price from $50 to

$200 each.

In large factories making a specialty of packing peas, is used a

pea hulling machine which will hull from 500 to 1,000 bushels of

peas in a day without bruising or crushing the peas. Other special

machinery is a pea cleaner which is a slowly revolving screen

cylinder that removes pieces of pods and other coarse particles, and
a pea separator which is a revolving perforated cylinder that grades

the peas into various sizes. A hulling machine costs about $1,500,

and the separator costs about $300. The Automaiic Fea I^iiler and
JBriner is another valuable piece of anachinery in the pea factory. It

may be set to fill the cans with an exact amount of peas, and a hot

brine of a definite quantity is automatically poured into each can.

Another machine that greatly aids io increasing capacity in a fac-

tory is the Hawkins capping machine. There have been capping

machines in use for more than ten years, but all of them entailed

considerable labor and confusion. With them it was necessary to

place by hand a dozen warm cans upon a tray, by hand feed the

tray to the capper and by hand take away the tray after the cap-

ping and after taking out the cans return the tray for another dozen

18—6—1902
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cans. The Ilawkius machine is constructed upon a totally different

plan. It uses lio trays, but has a continuous supply of cans. The

machine takes the cans from the filler and feeds them automatically

to the wiper, a series of revolving brushes, and when wiped clean

they are carried by an operator who places a tin cap upon each can.

In its passage each can comes in contact with an adding device

that works automatically and without any iiiterruption is delivered

to the capper which is operated by one man, the capacity being

45,000 cans in 10 hours. Twelve cans are capped by each operation

of the capper. As they leave the capper by the continuous carrier

another operator tips the cans in the passage. The saving of labor

and expense by this machine is very great, and factories which are

large enough to use it fiod that it greatly cheapens the cost of pack-

ing.

Outfit for a tomato canning plant, 40,000 cans capacity per day.

2 60-H. P. boiler, complete with all trimmings.

1 25-H. P. engine, complete with all trimmings.

1 100-bbl. Cyprus water supply tank.

1 4-ton wagon scale.

1 Power washer and scalder.

5,000 Brass peeliog checks.

32 Dozen peeling knives.

40 Dozen 14 quart buckets.

1 Platform conveyer peeling table for 150 peelers.

1 Lockwood gang cao filler.

1 Continuous chain steam exhauster.

1 Hawkins capping machine, complete with wiping machine,

acid machine, counter shaft, inside heated tipping iron and

automatic can counter.

1 Continuous can tester.

2 Fire pots.

2 Hand capping steels.

1 Dozen can tongs.

11 Open process kettles, 40x42 inches.

11 Perforated steam coils for kettles.

40 Process crates for 3 layers of cans.

1 Power crane.

1 Conveyer cooling tank.

8 Floor trucks.

1 3-bbl. gas machine with blower.

1 Combination vise.

1 Machine hammer.
1 Pipe wrench.

1 Cyclone pulp machine.

The estimated price of this excellent outfit is $5,500 and while it
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is selected with reference to tomatoes, the addition of a few small

pieces would complete the outfit for canning- fruits and pumpkins.

A similar outfit for canning corn with a capacity of 40,000 cans

per day, including the best modem machinery is estimated to cost

$8,500.

THE VARIETY OF FOODS PUT UP IN CANS.

The variety of foods that is put up in cans and jars is exceedingly

great and has not yet reached its limit. It is estimated that about

400 varieties of fruits, vegetables and meats are successfully packed

in their season, and over 4,000 "brands" of these have been registered

in the United States. The inferior qualities which in former years

held canned goods under suspicion are now seldom met with; a bet-

ter grade of raw materials is used and more care and cleanliness in

canning is exercised. Reports of XJoisoning from the use of foods

from tin cans are much less frequent. However, the cases of al-

leged poisoning by canned goods have never been reported over the

signature of a reputable physician. It is a well known fact in most
households that when a can is opened its contents must be removed
from the tin at once or under the influence of the air an action will

take place and render the food unfit for use. The neglect of this

precaution, especially with tomatoes and similar acid foods, has

caused cases of sickness.

PROCESSING.

The most particular work in canning foods successfully is what is

known in the factory as the ''process," and for which a responsible

man known as the i^rocessor is- an absolute necessity. He was once

supposed to have locked up in him great secrets without which
canning could not be properly done. His importance, however, is

not diminished in the slightest degree by the disclosure of the prin-

ciples of his processes, for his peculiar and ''mysterious" power rests

in his experience and good judgment m performing his particular

work. Processing simply means the cooking of the canned goods
at such a degree of temperature and for such a length of time that

the contents of the can will be effectually sterilized and cooked ten-

der. The length of time required varies with the article being canned
and the temperature under which the boiling takes place. Two
kinds of processing kettles are used; the opeti top and the closed top

kettles. In the former, boiling takes place at 212° F. and no higher

temperature can be secured. This is known as the open hath pro-
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cess. The closed top kettle is an iroo chest or retort into which

steam may be introduced under pressure, and thus raise the tempera-

ture of the boiling- water above the normal boiling point. After the

tilled cans are placed in this kettle, it is run full of water to the

upper blow-off pipe, and the lid is then bolted securely. As steam is

being introduced the upper blow-off pipe is left partially open until

the water boils or the thermometer registers 212° F. The blow-off

pipe is then closed tightly and the safety valve set to a temperature

of 240° F. The higher the degree of heat carried the shorter is the

time necessary for processing.

The following list of products and the necessary temperature with

the required time in a closed-top process kettle is given by Duckwall

in '"BactGriology :"

Corn, 250 degrees Fahrenheit, 55 minutes.

Young peas, 240 degrees Fahrenheit, 15 minutes.

Marrowfats, 240 degrees Fahrenheit, 25 minutes.

Milk, 250 degrees Fahrenheit, 50 minutes.

Products containing milk, 250 degrees Fahreoheit, 50 minutes.

Meats, 250 degrees Fahrenheit, 55 minutes.

Meat soups, 250 degrees FahrcDheit, 50 minutes.

Peaches, 240 degrees Fahrenheit, no time given.

Cherries, 240 degrees Fahrenheit, 2 minutes.

Plums, 240 degrees Fahrenheit, 2 minutes.

Pears, 240 degrees Fahrenheit, 12 minutes.

Tomatoes, 240 degrees Fahrenheit, 10 minutes, hot; cold pack, 15

minutes.

Apples, 240 degrees Fahrenheit, 2 minutes.

Berries, 240 degrees Fahrenheit, 2 minutes.

Lima beans, 240 degrees Fahrenheit, 25 minutes.

Pineapple, 240 degrees Fahrenheit, 8 minutes.

Some of these products like corn, peas, beans and the meats can-

not be processed in open kettles, but the fruits and tomatoes may be.

The time required would be from three to six times as long. Perfect

sterilization means the killing of all bacteria that may have entered

the can before it was hermetically sealed. These bacteria, numerous
in variety, microscopical in dimensions and every where present, are

the organisms which cause all the "swells" and "spoilage" of packed

foods. Many of them are killed in a temperature of 212 degrees

Fahrenheit, but those which work mischief in corn and animal pro-

ducts escape death in a boiling temperature and therefore are sub-

jected to 250 degrees Fahrenheit to be overcome. Frequent

heavy losses due to imperfect sterilization have induced

some canners to use preservatives. This practice has met
with just criticism and it is certain that the pure food
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laws and the ollitiai iiispeclioiis will diive all goods thus

preserved from Hie iniwkets. There is no reason for using

preservatives in caiine*! goods for it has been fully demon-

strated that with the pioi)er temperature and time in processing,

canned products may be made to keep perfectly.

CANS.

Canned goods are put up in glass and tin. The former makes the

better appearance, but is much more expensive and therefore can

be employed only for a special grade of stock. Tin cans when prop-

erly sealed are just as serviceable to preserve the foods as is the

glass. In the early days of the canning business when the cans

were made entirely by liand, and 100 cans per day was the output

of a single workman, they cost the packer about ten cents each.

This price to-day would be enormous when we remember that the

cost of the food in the can, together with the expense of putting it

there is commonlv but one-tifth the cost of the can.

Meuuill-Soule Tomato Fillek.

By the introduction of labor saviog machinery within the last

thirty years, the cost of cans has been greatly reduced and many
factories make their own cans at about the same price they would

have to pay for them to purchase from the can making establish-

ments. These latter concerns are fully equipped and turn out sev-

eral hundred thousand cans per day at one factory. Their prices of
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cans are quoted below. The entire outfit for making cans ol 2-ib.

and 3-lb. sizes costs about 1-400. This cost would be less for a fac-

tory that is equipped with heating api)aratus. With such an outfit

it is possible to turn out between :i,000 and 4,000 cans per day. The
list of tools required includes the following:

1 Foot press.

1 Pendulum press.

1 Pair 3 pound top dies.

1 Pair 3 pouod cap dies.

1 Pair 2 pound top dies.

1 Pair 2 pound cap dies.

1 Cap header.

1 Pair square shears.

1 Pair bench shears.

2 Pairs hand shears.

1 Pair forming rollers.

4 Solder frames and cylinders, 3 pounds.

4 Solder frames and cylinders, 2 pounds.

1 Fire pot for seaming.

3 Floating machines.

1 Vise.

1 Anvil.

1 Hammer.

Tin plate is put up in boxes, each box containing enough tin to

make 270 3 pound cans or 370 2 pound cans. The price of tin plate

fluctuates. The prices quoted for the last season were as follows:

PRICES OF TIN PLATES USED BY CANNERS.

I. C. 14x20 charcoal allowav,

I. C. 14x20 102 pound Bessemer sieel, |6.15

I. C. 14x20 100 pound Bessemer steel, 6.00

I. C. 13|xl9| 95 pound Bessemer steel, 5.95

I. C. 13^x19^ 90 pound Bessemer steel, 5.90

I. C. 14x22 110 pound Bessemer steel, 6.75

I. C. 14x22 100 pouod Bessemer steel, 6.50

Cans are made in certain sizes and shapes.

No. 1 is a 1 pound can 2!] inches in diameter and 4 inches in height.

No. 2 is a 2 pound can 3 7-16 inches in diameter and 4 9-16 inches

iti height.

No. 3 is a 3 pound can 4 3-16 inches in diameter and 4J inches in

height.

"Jersey" is a 3 pound can 4| inches in diameter and 5 inches in

height.

No. 6 is a 6 pouod can, double capacity of No. 3.

No. 10 is a 1 gallon can 6^ inches in diameter and 7 inches in height.
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Lunch caus are made usually iu two sizes:

No. 1 lunch can has same diameter and half the height of standard

No. 2.

No. 2 lunch can has same diameter and half the height of standard

(STo. 3.

The abreviations S. H. and L. H. in quotations of cans means small

hole and large hole openings at the top.

PRICES OF CANS IN 1902 FOR MARCH DELIVERY.

No. 1 cans 1^ inch opening, |11.00 per 1,000

No. 2 cans 1^ inch opening, 15.00

No. 3 cans 2 1-16 inch opening, 20.00

Gallons 2 1-lG inch opening, 45 .00

No. 1 tall li inch opening, 12.00

No. 2 tall 1^ inch opening, 16 .
00

No. 1 lunch 1-^ inch opening, 12 . 50

No. 2 lunch 1^ inch opening, 17.50

No. 1 oval 1^ inch opening, 13 . 50

No. 2 oval 1^ inch openiog, 18 . 50

No. 3 Jersey (4ix5 inches) 2 1-16 inches, 21.00

No. 3 Jersey (4-^x5^ inches) 2 1-16 inches, 22.00

No. 3 Jersey (4ix5i inches) 2 1-16 inches, 23.00

No. 3 Jersey (4^x5^ inches) 2 1-16 inches, 24.00

For each increase iu size opening, 50 cent per thousand additional.

Less than car load lots, |1.00 per thousand additional.

These prices are subject to change at a«y time.

SOLDER HEMMED CAPS.

1| inch size, $0.95 per 1,000

2 1-16 inch size, 1 30

2 7-16 inch size, 1.70

Factories wishing to keep their employes at work through the win-

ter months find it advantageous to secure a can making outfit and

make their supply of cans in the winter. Where this is not an ob-

ject, it is customary to buy the cans which are shipped in boxes con-

taining two dozen cans. These boxes are the cases in which the

canned goods are placed upon the market.

LABELING.

Much care is exercised iu the choice of labels for canned goods.

The grocers shelves and window display of such goods present an

attractive appearance when tastefully arranged. The colored labels

aid greatly in selling such goods. The price varies from $1.00 to

|3.00 per thousand.

18
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The labeling of cans is deferred until the rush of packing is over

except for orders of prompt delivery. The labels are usually put

on by Land in factories with a capacity under 10,U00 cans per day.

The prices paid for this work is 25 cents per 1,000 cans. In the

larger factories, machines for labeling and for boxing are used.

CONTRACTS BETWEEN GROWERS AND CANNERS.

It is customary for canners to furnish the farmers, who contract

to grow certain crops for them, with the seeds or even plants for

such crops. These are supplied in sufficient quantities and free of

cost. The purpose of this is to insure a uniform and desirable qual-

ity in the tomatoes, corn or whatever crop it may be. A written

contract is always necessaiy to insure a suflQcient tonnage to keep

the factory in operation during the ripening season. It is fairer to

contract to deliver the yield of a certain number of acres than a

definite number of tons, for the yield is always variable, but the num-
ber of acres may be a fixed quantity. A very brief and simple form

of contract generally used with the tomato growers of New Jersey

is as follows:

rOEM OF NEW JERSEY CONTRACT.

This is to certify that we , have bought

of the product of acres of tomatoes

for the season of at $ per ton, delivered at our

cannery

Stock to be in first class merchantable condition. To be planted

about 190 .

Signature,

Signature,

Other stipulations are sometimes inserted, limiting the time of de-

livery of stock, defining refusable material, and to protect the can-

nery in case of fire, accident or other contingency.

Following is a fuller form of contract: '

TOMATO GROWERS CONTRACT.

Pa., 190..

No
I hereby agree to fur-
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iiisli the land aud everything necessary to plant and cultivate in pro-

per manner acres of laud in tomatoes, all to be planted with

the variety of seeds furnished by the Canniog

Co.; and I agree to deliver all the products of the above acreage to

the Canning Co. at their factory in

Pa., in a sound and ripe condition; I also agree to forfeit $5 per acre

for any shortage in the cultivated area under the contracted figure.

The Canning Co., agrees to pay me |2o.00 per acre

for all ihe tomatoes they fail to receive.

In consideration of the compliance with the above conditions the

Canning Co., agrees to furnish all the seed nec-

essary free of charge, and to pay for the tomatoes | per ton

(of 2,000 pounds) delivered at the factory as above agreed. Settle-

ment to be made on the

Tomatoes to be delivered between the hours of 7 a. m. and 6. p. m.,

on each working day of the week, except Saturday.

I hereby agree that iti the case of the destruction of the cannery

by fire, or the elements, or if for any unavoidable cause the factory

is unable to receive all tomatoes grown, said factory shall have the

right to limit the delivery of said acres.

Grower.

Canning Co.

THE SALE OF CANNED GOODS.

The sale of canned goods of all kinds is made principally through

agencies known as canned goods brokers. Some sma41 canners have

disposed of their stock directly to the grocerymen of a neighboring

city, and others, packing a single line of goods, have contracted with

larger factories to deliver to them the entire pack of a season as

soon as it is ready to ship. Such sales of goods are with or without

labels. In the latter case the ^'country packer" has no brand and it

is likely he will lose pride in his output. The factory receiving such

goods places its own labels upon the cans and in consequence the

consumers discover that certain brands are no guarantee of the

quality of goods bearing them. This is one of the objectionable

practices of the canning business.

As has been said the great bulk of canned goods is sold through

brokers, upon written contracts between the canner and the broker.

Such contracts may be made early in the season for "futures," that

is for a certain number of cases of a particular brand of goods at an

agreed price per case, to be delivered at a certain date. Goods sold

under contract for immediate delivery are called ''spots." Packers

are usually required to guarantee their goods six months against
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"swells.'' It does not matter whether the goods lies in the wholesale

warehouse or in the store of the retailer, all spoilage occurring within

six mouths from date of shipment, is redeemed by the packer. Con-

tracts are made in triplicate, one for the packer, one for the buyer,

and the third for the broker. A sample form of contract for futures

is furnished by Messrs. Baker & Morgan, brokers, Aberdeen, Md.

FORM OF CONTRACT FOR FUTURES.

No. 932.

Aberdeen, Feb. 7th, 1902.

Sold to Mr. James Smith, i

Cincinnati, Ohio.

For account of Mr. C. Jones.

One thousand (1,000) c-s No. 3 standard tomatoes, pack of 1902,

brand, at per doz. cash less 1^ per cent. f. o. b.

for prompt shipment when packed.

Six months guarantee against swells.

Brokers.

A form in use in Philadelphia is as follows:

No. 116 So. Front St.

Philadelphia, 190

Sold

We guarantee to furnish promptly as possible well filled cans with

fruit carefully selected.

Quality to equal previous season's pack or no sale.

Plain labels put on free—Wrapper labels, 2| cents per dozen extra.

When buyer's labels are desired, notice must be given at time of

purchase.

Sellers not held responsible for non-delivery if caused by destruc-

tion of factory.

In case of partial failure of the crop, sellers to be only held respon-

sible for delivery of 60 per cent, of sale made and for any portion of

remaining 40 per cent, not delivered, to pay not exceeding 10 per cent,

on contract price.

TERM'S—Note payable

days from date of shipment, or

Cash in 7 days.

CARTAGE—2 cents per case.

To be packed of

and shipped as early as possi-

ble.
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Swells guaranteed to Juy 1st, fol-

lowing date of shipment.

Signed,

vp:getables commonly canned.

The vegetables which take the lead in canned goods are corn, peas

and tomatoes, the last named being the simplest to put up success-

fully. It will therefore be considered here first.

TOMATOES.

It is estimated that an area of nearly 400,000 acres of good land is

devoted to the growing of tomatoes for the canning factory in this

country. The large pack of 1899 reported to have exceeded 7,000,000

cases of two dozen cans, indicates the importance of the tomato in

the canning industry. The bulk of the crop is grown in a few States

of which Maryland is in the lead. The tomato is adapted to a great

extent of territory and new regions are rapidly being devoted to the

tomato and its canning.

The varieties best suited to the canner's purposes are sucli as pro-

duce large, smooth, solid fruits. They should be such as ripen to

the stem. The "Jersey Red,'' so commonly seen upon labels of

canned goods, is not a variety of the seedmeu's catalogue, but a local

name in New Jersey, for a tomato that has been grown for the

cannery so long that its true name has been lost. Paragon, Cham-
pion, The Stone and Perfection are all very good varieties.

The plants are easily grown from the seed by remembering that

they are very tender and should have a seed bed sheltered from cold

winds and much well decayed manure w'orked ioto the soil to make
it loose and warm. The plants should be ready for the field not

later than the middle of Jvme, therefore, whenever late frosts would
prohibit the development of a strong plant by that time in the open

ground, it is necessary to start the seedlings in a hot bed. No effort

is made to have the fruit for the cannery at an early date. In this

latitude the fields planted for this purpose begin to ripen in August
and yield heavily until frost overtakes them. The tomato varies

greatly in its yield according to the variety, the treatment, and the

character of the soil. Twenty tons per acre are frequently obtained,

but the average yield for a term of years on fairly good soil is eight

tons, for which the farmer may expect a contract price of $5 to |7 per

ton. The form of contract is very brief, simply setting forth that the
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product of a given number of acres of tomatoes has been purchased

by a certain cannery at a stated price per ton delivered at the factory.

Many factories can no other product than tomatoes, and nearly

every factory includes this vegetable in its list of packed goods. The
tomatoes are put up in two pound and three poutid cans at a cost of

about 45 cents and 60 cents per dozen respectively. The practice in

canning the tomato varies slightly in method. Some packers do not

exhaust the cans before tipping, but cap and tip the cans as soon as

they are filled and then subject them to the process. Others prefer

to exhaust before the veot is tipped, and still others will steam the

filled cans in steam boxes before capping them. Where the product

can be rapidly passed from the scalding to the process, the first

method is claimed to retain the best flavor of the tomato, but if

it passes slowly from step to step the tomatoes have time to deterior-

ate and an inferior quality results.

The treatment of tomatoes at the factory has been given else-

where, but is briefly oatlined here again. The fruit fresh from the

vines is scalded by being dipped into boiling water kept ''jumping"

by the injection of steam. This does not cook the tomato, but sim-

ply scalds the skin and tissue immediately under it so that the skin

can be easily peeled off. This peeling is done by hand, and women
are usually employed for the work. They are paid two cents per

14 quart bucketful, receiving a brass check for each bucketful as it

is delivered to the packer. The checks are redeemed with cash at

the office of the factory. The packer fills the cans (2 pounds or 3

pounds) as solid ^s possible, after which if there is to be no exhaust

the cans are wiped, capped and tipped and then tested for imperfectly

sealed cans by submerging about one-half inch under boiling water.

This treatment promptly reveals any imperfection in the sealing of

the cans by forcing out the air that rises in bubbles through the over-

lying waiter. 'Such cans are picked out with the can tongs and their

defects are removed. The batch of cans is then processed in the

open bath thirty minutes for 3 pound cans and twenty-two minutes

for 2 pound cans, or in the closed bath fifteen minutes for 3 pound

cans and ten minutes for 2 pound cans.

The cost of canning tomatoes like the cost of canning any other

product, in fact, depends wholly upon the prices paid for raw ma-

terials and labor and the mechanical devices used. When every de-

tail has been properly arranged the cost of packing 2 pound cans will

be about forty-five cents per dozen and 3 pound cans sixty cents per

dozen.

Artificial Coloring.—The market demands a very red tomato and

the packer striving to meet this demand is in some sections tempted

to lise coloring materials. This of course is contrary to the Pure

Food Laws and the conscientious packer will not transgress the law.
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It is very likely that materials used to color the juice and flesh of

the tomato would also color the seed, and its presence could, there-

fore, be easily recognized; but it is claimed by the manufacturers

for the "Perfection" tomato coloring that it will not color the seeds

The S]'KA(irE Corn Cuttek. Model M. 1900 Style C.

when used according to directions and the colored goods would pass

inspection. This coloring liquid is advertised at |2.00 per gallon,

a gallon being sufficient to color 25,000 3 pound cans, and is claimed

to be absolutely not prejudicial to health in any quantity that might

be used.
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CORN.

The caniiiug of sugar coru is about of equal importance with that

of tomatoes thougli the profits of packing are not so easily realized

in the former bv the small factory. So much special machinery for

putting up corn has been invented that no factory can ailord to pack

corn without it.

"•Sii-

TuE Uleky-Mekrill-Soule Corn Silker.

The varieties of corn grown for canning are the Stowell's Evergreen

and Egyptian. For a fancy grade of goods the Country Gentleman

is preferred. It has small grains, white color and is sweeter than

the other varieties named. The canning season is lengthened by hav-

ing the seed planted at various dates in the spring at intervals of
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oue week from May 1 to June 15. Contracts with the farmers may
stipulate the date of plauting to regulate the supply of the crop.

Good corn land well ^trepared and fertilized is used for this crop.

The yield of ears in the husk as delivered to the cannery is from

three to five tons per acre, for which the canners pays |4.5U to |7.00

per ton. The lower prices prevail in the west and the higher prices

iii the east. Tiie margin of profit to the farmer on the raw material

is as small as it is to the packer on the packed goods.

The cauner prefeis to have the corn in a young stage, just about

when it is in the best condition for table use. He directs that the

ears should be pulled early in the morning and delivered promptly

at the factory. To have a good white product in the can, every detail

in handling the raw material must l;e carefully managed.

The coiilract with the farmer usually provides that the corn will

be delivered at the factory according to the directions of the packer,

that corn too young or too old may be refused, and that it must be

delivered same day as it is pulled. Canners do not like to carry corn

over night, hence insisJ i^jpon an early delivery each day.

As sooo as the corn arrives at the factorv it is husked and the

imperfect ears are trimmed of their imperfections and then passed

with the good eai's to the cutting machines. The Sprague corn cut-

ter is in common use in large factories. It has a capacity of 15,000

cans per day.

Corn IS cut from the cob in two different ways, by the same ma-

chinery according to the adjustment of the knives. In one case the

kernels are cut oil as nearly whole as possible. The corn is then

passed through the silker to remove the silk and then tilled cold into

the cans. A weak brine is also added and the cans are then wiped

and capped but siot tipped. Tlie cans are then exhausted by being

immersed in boiling water for ten minutes to heat the corn and drive

out the air. They are then tii)ped and put through the cooking pro-

cess which takes place in the retorts at a temperature of 250 degrees

Fahrenheit. The time of this process varies with different packers,

being from forty to fift^'-five minutes. After this process the cans

are passed thi'ough a cold water bath to stop the cookiog within, and

to prevent the corn turuirig dark. This metliod is known as the moist

pack or cold pack, generally practiced in Maryland.

The other method of canning corn is called the dry pack or hot

pack and is commonly jtracticed in Maine and New York. In fact

it is generally being adopted in preference to the other method in

all the new corn canning sections. ''Dry pack" corn commands a

higher price than the "moist pack" corn.

The knives of the corn cutter are set to cut off only the upper half

of the kernels while the rest is removed by the scrapers in the oon-
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dition of pulp. After passing the corn through a silker it is con-

veyed to the "corn cooker'' to be heated (not to be cooked strictly

speaking, for this i)i'oce3S takes place in the retorts later), and thor-

TuE CoxAXT Single Cokn Cookek.

oughly mixed with the brine or s^rup. This cooker fills the heated

corn directly into cans, and these are then promptly capped, tipped

and subjected to the sterilizing process as described for the other

system of packing.
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Corn is regularly parked in 2 pound ca-us at au average cost of sixty

cents per do/.en.

The margin on corn is ver}' small and severe losses are sustained

by "swells" and "sour corn." The canner must make good to the

merchant all the spoilage that appears in the warehouse or the

grocery store. "Swells" are the cans which bulge out the lid of the

can owing to a pressure from within occasioned by a fermentation

of the corn. Such corn is usually "sour" and is unfit for use. It

is evident that the cooking process did not effectually sterilize the

contents of the can. So.me bacteria resist very high temperature,

West Process Kettle.

and the packer has learned by experience that Uie excessive cooking

of high temperature turns his corn daik. Therefore the demand for

whiteoess and the fear of spoils keeps the packer anxiously awaiting

the results of his labor.

Heat travels slowly through a mass of corn in the can and since

the sterilization is often imperfect, the processor keeps himself in-

formed of the exact temperature in the corn at the very centre of

the can by using an appropriate thermometer, made expressly for

the purpose. Several styles of such thermometers are in use, a very

good one is the A. B. H. self-registering sterilizing thermometer,

which is firmly suspended from the top of a can made expressly for

the test. The bulb of the thermometer is in the exact centre of the

19—0—1902
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cau. The can is filled with com and introduced with a batch of

cans in the processing retort; at the conclusion of the process the

test can is removed, the thernionieter taken out and the registered

temperature is easily read. The test can is then emptied and cleaoed

for the next batch of corn to go into the retort.

PEAS.

The pea canning business has been greatly modified in recent years

by the invention of some remarkable machiner}-, particularly the

Chisholm-Scott Pea Viner. Formerly a great army of pickers was
necessary in pea canning sections to pick the peas from the vines in

the fields. Another a run- of hands was necessarv to hull the green

The Ballard Pba Filling and Brining Macuixe.

peas and so throughout the whole series of operations of canning

peas the hand labor was excessive, tedious and expensive. Now the

vines are cut with the scythe or mower, hauled to the factory and de-

livered to the viner or hulier which shells and separates the peas

from the vines, discharging the latter to one side and the former to

the cleaner. The patentees and manufacturers of this viner are the

Chisholm-Scott Co., Suspension Bridge, N. Y. They do not sell the

machine, but place them with canners upon a royalty basis in re-

stricted territories.

The varieties of peas most generally planted for canning are Alaska,

Blue Beauty and French Canner. The first two varieties are known
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to the canner as the "Eailj June" peas. They are planted as early

in the spring as the weather will permit. The peas may be

planted in drills to permit surface cultivation or sown

broadcast. The latter method, however, is successful only

with certain rich soils and the dwarf varieties of peas. The quantity

of seeds required to plant an acre by the drill method is about 2^

bushels and by the broad cast method from 3 to 4 bushels.

The vines are cut when they are yet green, before the oldest pods

have begun to shrivel and delivered at the factory. The grower is

entitled to the pea vines after the hulling. The pea being a legu-

minous plant a "nitrogen gatherer," the refuse tops are a valuable fer-

tilizer, and if plowed under or composted with the manure heap they

are worth many times over the cost of taking them home.

It has been said the peas that are taken from the vines by the re-

markable machinery called the Viner, then cleaned by passing

through the cleaner, then graded into four or five sizes for the cans,

must show a uniform size of peas to pass as properly packed

goods. The smaller sizes command the best prices. The peas are

then "blanched" by scalding them in wire or perforated iroo baskets.

This treatment cleans and heats the peas through, after which they

are delivered to a machine that fills the cans with peas and brine

ready for capping. After effectually sealing the cans they are

processed in the closed kettle at 240 degrees Fahrenheit for fifteen to

twenty-five minutes according to the condition of the peas whether

young or old. After the cans are cooled they are ready for the pack-

ing house where labeling and casing is done.

Peas are put up in 2 pound cans at a cost of about seventy cents

per dozen.

BEANS, STRING.

A large quantity of string beans are canned by factories fitted up

for packing peas and corn. The varieties chiefly planted are Early

Valentine, Early Mohawk and Black Wax. The yield varies greatly,

but for fair land with good cultivation it may be estimated at 100

bushels per acre, for which the canner will pay about thirty cents

per bushel. String beans are prepared for the can much as peas are,

the eods and ''strings" are removed and the large pods broken in

two. The product is then blanched as described for peas, packed

in 2 pound cans, filled with hot brine, capped and tipped. Process-

ing takes place in the closed kettle at a temperature of 240 degrees

Fahrenheit for fortv minutes.
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BEANS, LIMA.

The Large ^Ybite Lima and the Small White Lima are the two

principal varieties of lima beans that are packed. The yield is about

75 bushels of shelled beans to the acre. The pods are shelled by

hand and the beans are packed, without blanchiog, in 2 pound cans,

dipped in a hot brine and sealed in the usual way. Lima beans are

processed in the closed kettle for thirty minutes at 240 degrees Fahr-

enheit.

SUCCOTASH.

A combination of sweet corn and small lima beans is much called

for in certain markets and will generally be found amoog ''quota-

tions." The proportion of each is about two parts of the former to

one part of the latter. The corn is cut from the ear as for the "moist

pack," that is cutting off the whole grain. The combination is then

put in 2 pound cans according to the "moist pack" method for corn.

SQUASH AND PUMPKIN.

Boston Marrow and Hubbard squash, and a«y good cooking variety

of pumpkin are canned in limited quantities, the latter for making

pies.

'Squash and pumpkins are first blanched, just enough to soften the

rind to make peeling easy. They are then sliced and grated or

mashed and packed into 3 pound caos making them full and using

no liquor. The processing may be done in either the open or closed

kettle, allowing forty minutes in the former and fifteen minutes in

the lati;er.

FRUITS.

The process of fruit canning is very simple and therefore fruits

are excellent material for a canner to begin on. The principles on

which commercial canning is based are the same as those by which

fruits have been canned for many years in kitchens. But in the

handling of large quantities of perishable fruit in the manner that be-

comes necessary at a large canning factory, a considerable executive

ability is demanded. The purchase of the fruit to be delivered in

regular installments, the prompt preparation of it for the cans to

avoid discoloration and deterioration, and every other operation to

the conclusion of the process require some experience, wisdom and
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good judgment. The canning of fruit is upon very narrow margins

of profit and therefore the success of a business, depends greatly

upo4i careful mauageukeiit, so that every laborer will be constantly

employed, every operation successfully performed and that every

expense is reduced to a minimum figure. Fruit canning is most ex-

tensively carried on in California where the opportunities for getting

large quantities and fine qualities of fruit cannot be excelled. For

forty-five years this industry has made rapid growth in California,

and the eastern canners are meeting serious competition with the

high grade California canned fruits in the eastern markets.

California fruits are put up with greater care and selection than

is practiced in the east. They are packed in four distinct grades.

The first grade is of the choicest fruits, free from all defects, peeled

by hand and carefully packed in cans using a strong syrup. These

are known in the markets as extras, being put up in 3 pound and 2^

pound cans. The second grade is known as extra standards, being

selected and handled w^ith the same care as for the first grade. The

fruits of the second grade are slightly smaller than in the extras^ and

are always put in 2-| pound cans. The third grade is known as

STANDARDS. In this the size of the fruit is smaller than in the pre-

ceding and the paring (when necessary), is done by machine. The

fourth grade is known as seconds. In this an inferior grade of fruit

is used. The syrup used in these four grades varies from a 10

per cent, solution in the fourth grade to a 32 per cent, solution in the

extras.

All kinds of fruit may be canned successfully. Brief directions

are given only for the fruits which are commonly packed in the

eastern States.

APPLES.

Many small canning factories have been started in localities where

apples are extensively grown, and have found it profitable to put up

this one line of goods only. There are many old orchards bearing

quantities of fruit that makes excellent canning material, but not

being of the well known market varieties, do not command good

prices when barreled. For this fruit the canner pays from 25 cents

to .50 cents per bushel at the factory and the farmers are willing to

sell at srch prices.

Any variety that is a good cooking apple is acceptable for canning.

The season may begin in August with the Red Astrachan, and this

followed with Jeffries, Duchess of Oldenburg, Maiden's Blush, St.

Lawrence, King, Baldv\^in, Bellflower, Northern Spy, Rhode Island

Greening, etc.
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At the factory the apples are pared and cored by suitable machines

run by hand or sleani power. They are then packed as solid as pos-

sible into o jDound cans or i-u gallon cans, as the market demands.

The cans are then filled with cold or hot water; if the former, the

cans are exhausted 5 minutes at 212 degrees Fahrenheit before tip-

ping, if the latter, they are tipped at once and submitted to the pro-

cess. If this is done in the open bath the boiling is continued 10

minutes at 212 degrees Fahrenheit, if in the closed bath 2 minutes

are allowed for the process at 240 degrees Fahrenheit.

PEACHES.

Peaches are successfully grown in several sections of Pennsylvania

and it is remarkable that there are not more factories in these sec-

tions to work up that fruit which cannot find a better market. Peach

canning is one of the important branches of tlie industry and a good

quality of goods will find a ready sale. The best varieties are those

with a firm, yellow flesh, like the Late Crawford, Elberta aod Smock.

The canner pays from fifty cents to |2.00 per bushel according to the

season and quality of the fruit. At the factory the fruit is pared,

cut into halves, removing the stones. The pieces of peach are then

carefully packed into the cans and the ten degree cane sugar syrup

is poured over them to fill the cans. They are then capped, ex-

hausted five minutes at 212 degrees Fahrenheit, tipped and processed

ten minutes at 212 degrees Fahrenheit in open bath or two miiiutes

at 240 degrees Farhrenheit in closed bath.

It costs from |1.50 to $2.50 per case to put up such peaclies, and

they sell in the market at usually double the cost.

"Pie Fruit" is an inferior grade of peach not pared but cut into

pieces aod put up in the cans with water instead of a syrup. They

cost less to pack and are of course sold at a lower figure than the

other grades of peaches.

PEARS.

Pears in cans are always in good demand. The supply of the fruit

is limited. The Bartlett stands at the head of the list of varieties,

although it is not necessary to refuse aoy variety at the canning fac-

tory. The best price is paid for Bartletts ranging from forty cents

to $1.25 per bushel. Pears are put up in 2 pound cans in the east

and in 3 pound cans in California. The fruit is pared, cut into halves

or quarters, removing the core and bruises and put up in a cold cane-
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sugar syrup using a teu per cent, or even heavier solution. The cans

are exhausted at 212 degrees Fahrenheit for five minutes then pro-

cessed twelve minutes in the open bath or twelve minutes in the

closed hath at 2i0 degrees Fahrenheit. The cost of putting up such

pears ranges from $1.00 to |2.00 per case.

Other fruits that are canned with profit by the factories located

within reach of the products are cherries, plums, quinces, apricots,

blackberries, currants, gooseberries, grapes, pineapples, raspberries,

strawberries and huckleberries.

APRICOTS AND NECTARINES.

Apricots and nectarines are canned chiefly in California. These

fruits are wiped but not jjared (except for special grades of goods),

cut into halves and packed into cans with a cane sugar syrup.

BERRIES.

Blackberries, currants, gooseberries, grapes and whortleberries

are all packed to a limited extent. The method of canning is the

same in all cases. When the fruit is cleaned it is packed in 2 pound

cans with cold or hot water, sealed and processed as for apples.

Raspberries and strawberries are prepared for the cans as for

other berries, but are packed with a syrup using extra heavy syrups

for the strawberries. The processing is about the same as for other

berries.

CHERRIES AND PLUMS.

The best cherries and plums in cans come from California, though

some cherries are packed in the east. These fruits are put up with

a syrup and the white or yellow-fruited varieties are preferred.

Other fruits are packed, but the principal ones of the east have been

considered. The pineapple is very largely canned in Baltimore,

using the fruits which are shipped north from Florida and other

southern countries.

Jellies. Canners of fruits often find it convenient to convert some
of their fruit into jellies, but too often the fruit reaches them too ripe

to make good jelly. The fruit should be at its first stage of ripeness,

carefully cleaned and cleared of decayed spots. It is then run

through a grinding machine and put into a kettle with just enough

water to keep the fruit from burning or scorching. It is boiled

slowly for a half hour to extract the juices J'od then placed in jelly
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sacks to drain the liquid from the pulp (ordinary sugar saelis washed

clean are excellent for this purpose.) The juice is further cleared

by passing through one or more layers of cotton wool. When it

has been thus treated, the juice is again heated very slowly. To
every gallon of juice is added four and one-half pounds of granulated

sugar, and boiling is continued for twenty minutes more. The jelly

glasses are then filled full and left to cool, then a teaspoonful of

boiling hot paraffine wax is dropped over the jelly in each glass, and

a tin cover over the glass completes the work.

Crystallized Fruit. Tliis style of preserving fruit is peculiar to

the California packers. Candied, crystallized or giaced fruits are now
found among all first class confections, and were first prepared

about 25 years ago. The processes are evolved from much experi-

mentation and are not made public. This much may be said of the

general method of making candied fruit. The juice of the fruit is

extracted and replaced with a sugar syrup which upon hardening

prevents decay and at the same time retains the natural shape of

the fruit. All kinds of fruits may thus be preserved. The best

fruits are selected when at the proper degree of ripeness for ordinary

canning. The large fruits are pared and halved, and plums and

cherries are pitted. The fruit thus prepared is placed in baskets

or perforated buckets and suspended in boiling water. This re-

moves the juice from the fruit and demands the greatest skill to be

properly timed. After the fruit is cooled it is placed in earthen

pans and covered with a very heavy syrup, ordinarily one testing

70 degrees by a Balling saccharometer. In this syrup, made with

white granulated cane sugar, the fruit is allowed to remain for one

week, then there is danger of a fermentation setting in which must

be checked by heating to boiling point the fruit and s^rup. This

heating is repeated at intervals as necessary for about six weeks.

The fruit is then taken out of the syrup, washed in clean water and

is then giaced or crystallized as preferred. It is giaced by dipping

into a thick sugar syrup aod being left to harden quickly in the air.

By dipping thus and causing it to cool and harden slowly, the sugar

on the surface crvstallizes and makes the crvstallized fruit.
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THE STANDAKl) OF THE BALTIMORE CANNED GOODS EX-
CHANGE.

Officers of tlie Exchange»^

Wm. Miller, President. A. F. Jones, Secretary.

Apples.—Pared and cored, clear in color; cans to be full of fruit,

jjut up iji water.

Blackberries.—Cans to cut out oot less than two-thirds full after

draining; fruit to be sound, put up in water.

Cherries.—White Wax. Cans to be full of fruit, free of specks and

decay, put up in not less than ten degrees of cold ca«e sugar syrup.

Cherries.—Red. , Cans full of fruit, free of specks or decay, put up

in water.

Gooseberries.—Cans to cut out not less than two thirds full after

draining; fruit unripe and uncapped; put up in water.

Egg Plums and Green Gages.—Cans full, whole fruit, free from

reddish color or specks, put up in not less than ten degrees of cold

cane sugar syrup.

Peaches.—Cans full, fruit good size, evenly pared, cut in half

pieces, put up in not less than ten degrees of cold cane sugar syrup.

Pie Peaches.—Cans full, fruit sound, unpared, cut in half pieces,

put up in water.

Pears.—Bartlett. Cans full, fruit white and clear, pared, cut in

half or quarter pieces, put up in oot less than ten degrees of cold cane

sugar syrup.

Pears.—Bell or Duchess. Cans full, fruit pared, cut in half or

quarter pieces, put up in not less than ten degrees of cold cane sugar

syrup.

Pineapples.—Cans full, fruit sound and carefully pared, slices laid

ifi evenly, put up in not less than ten degrees of cold cane sugar

syrup.

Plums and Damsons.—Cans full, sound fruit, put up in water.

Quinces.—Cans full, fruit pared and cored, cut in half or quarter

pieces, put up in not less than ten degrees of cold cane sugar syrup.

Raspberries.—Cans to cut out not less than two-thirds full and
after draining, fruit to be sound, put up m not less than ten degrees

of cold cane sugar syrup.

Strawberries.—Cans to cut out after draining oot less than half

full of fruit, which shall be sound, and not of the variety known as

seedlings, put up in not less than ten degrees of cold cane sugar

syrup.

Whortleberries.—Cans full, fruit to be sound, put up in water.
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VEGETABLES.

Lima Beans.—Cans full of green beans, clear liquor.

String Beans.—Cans full, beans young and tender and carefully

strung, packed during growing season.

Corn.—Sweet corn only to be used from the cob while young aod

tender, cans to cut out full of corn.

Peas.—Cans full of young and tender peas, free of yellow or black

eyes, clear liquor.

Pumpkin.—To be solid packed as possible, free from lumps and of

good color.

'Succotash.—Cans to be full of green corn and green lima beans.

Tomatoes.—Cans to be reasonably solid, of good, ripe fruit, cold

packed.

Oysters.—To cut out aiot less than five ounces for No. 1, and ten

ounces for No. 2 cans; of dry meat, after liquor is drained off. To be

good size and bright color.

STANDARD SIZES FOR CANS.

Adopted by the Baltimore Canned Goods Exchange, November 19,

1893.

Diameter. Height.

No. 1 Cans 2f in. 4 in.

No. 2 Cans 3 7-16 in. 4 9-16 in.

No. 3 Cans 4 3-16 in. 4| in.

No. 6 Cans, twice the quantity of No. 3.

No. 10 Cans 6^ in. 7 in.

STANDARD SIZES FOR BOXES.

Sizes of Boxes for Caoned Goods—Inside Measurement.

2 dozen Cans, size 1, . ._ IHx 8|x 8^ inches.

2 "

2 "

4

1

1

' 3, 14ixl0^x 9i "

' 3, 17^x13 xlOi "

' 1, mxllix 8i "
i 1 flQ+ ' 1 tlv Civ Al. «

u
1, flat, ll^x 8ix 4i

-2, " L4ixl0ix 4|

I " Gallon Cans, 10 xl2fx 7^ "

i '' " " high boxes, 19 xl2fxl4 "

1 " " " flat '' 2.5^x19x7

1 '' No, 6 C^ns, .,,,,,.,,,,. 20fxl5fx 6J
''
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SHIPPING WEIGHTS FOR CANNED GOODS.

No. 1 Boxes, 26 pounds.

No. 2 Boxes, 4G "

No. 3 Boxes, 70 "

PUBLICATIONS CONCERNING THE CANNING OF VEGETA^
BLES AND FRUITS.

The Art of Canning' and Preserving as an Industry. By Dr. Jean

Paerette, of Paris. New Yorlv, 1901. Price |10.00.

Tlie Secrets of Canniog. By Ernest Scbwaab. New Yorli, 1899.

Price $0.00

Bacteriology. By E. W. Ducliwall. Baltimore, 1899. Price |5.00.

A study of the bacteria of canned foods.

Fruit Growers Manual, for Canning Fruits, etc. By Hemlon-Mer-

iam Co. California. Price |2,50.

Tomato Growing (for the Cannery), Farmer's Bulletin No. 76. U.

S. Dept of Agr. By Edw. B. Voorhees, M. A. Director of New Jer-

sey Agricultural Experiment Station. 1898.

Pea Canning in Delaware. Bulletin XLI. Delaware Agricultural

Experime«t Station, Newark, Del. By G. Harold Powell, Horticul-

turist of Station. 1898.

These publications have been freely consulted in the preparation

of this article and while making acknowledgments to the authors,

the writer also remembers the canners who extended courtesies at

their factories and the canning machinery manufacturers for the

valuable suggestion they have made. Special thanks are due the

Sprague Canning Machinery Co., and the Ayars Machine Co., for the

use of illustrations of modern special machinery.

SUPPLY HOUSES AND MANUFACTURERS OF CANNING FAC-
TORY MACHINERY AND MATERIALS.

The American Can Co., Bowling Green Building, New York city, N.

Y.; Merchant's Bank Building, Baltimore, Md.; Merchant's Loan and

Trust Building, Chicago, 111.; 209-221 Mission street, San Francisco,

Cal.

The Sioclair-Scott Co., Wells and Patapsco streets, Baltimore, Md,

Cox Bros. & Co., Bridgeton, N. J.

Stevenson & Co., 229 N. Holliday street, Baltimore, Md.
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Ajai's Machine Co., Salem, N. J.

Consumers Can Co., Baltimore, Md.

The Fred H. Kuapp Co., 42 River street, Chicago, 111., labelling ma-

chine.

The Grasselli Chemical Co., Cleveland Ohio, soldering flux.

Thomsen Chemical Co., Baltimore, Md., soldering flux.

A. B. Robins & Co., 724 E. Pratt street, Baltimore, Md., outfits.

H. Cottingham, Baltimore, Md., outfits.

The Sprague Canning Machinery Co., Chicago, 111., outfits.

Burt Labelling Machine Co., 404 Atlantic Trust Building, Balti-

more, Md.

Remington Machine Co., Wilmington, Del.

The Monumental Label Co., Baltimore, Md.

Hastings Industrial Co., 79 Dearborn street, Chicago, 111., out-

titters.

E. J. Lewis, Middleport, N. Y., machinery.

John E. Smith's Sons, BufTalo, N. Y., kraut cutters.

Stayman & Co., 125 East Falls avenue, Baltimore, Md., can mak-

ing outfits.

Thomson Manufacturing Co., 33 S. Gay street, Baltimore, Md., ma-

chinery and cans.

A. Schultz & Co., lOiG East Baltimore street, Baltimore, Md., sol-

ders and fluxes.

J. S. Hull Manufacturing Co., 125 127 East Falls avenue, Balti-

more, Md., gasoline apparatus.

Moore & McFerren, Hoopestown, 111., cottonwood boxes.

The Union Can Co., Hoopestown, 111., tin cans; Buffalo, N. Y., tio

cans.

Adriance Machine \'\'orks, 252 Van Brunt St., Brooklyn, N. Y., can

making machinery.

CANNED GOODS BROKERS.

Baker & Morgan, Aberdeen, Md.

N. H. Dudley «S: Co., cor. Duane and Hudson streets. New York

city.

Walter G. Holcombe, 303 California street, San Francisco, Cal,

M. Morfit, Baltimore, Md.

T. J. Meehan & Co., 407 Water street, Baltimore, Md.

H. H. Tavlor & Sons, Baltimore, Md.

J. L. Rowland & Co., Baltimore, Md.

Wm. H. Nichols «S: Co., 42 River street, Chicago, 111.

Watson M. Null, 241 S. Front street, Philadelphia, Pa.
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Wm. G. Bonstedt & Co., 10 S. Front street, Philadelphia, Pa.

Wm. J. Youug, 53 S. Front street, Philadelphia, Pa.

Thos. Roberts & Co., ILG S. Front street, Philadelphia, Pa.

Wilson Sherborne & Co., 107 N. Water street, Philadelphia, Pa.

Wm. Castle, 18 N. Water street, Philadelphia, Pa.

CANNING FACTORIES OF FRUITS AND VEGETABLES IN THE
UNITED STATES.

California:

Campbell, J. C. Amslev Packing Co.

San Francisco, Hickmot Asparagus Canning Co.

San Jos^, J. H. Flickinger & Co.

Colorado:

Denver, The Kiiner Pickle Co.

Longmont, The Empson Packing Co.

Delaware:

Bridgeville, H. P. Cannon.

Camden, Stetson & Ellison.

Harrington, Fleming & Co.

Laurel, Geo. W. Stradley.

Milford, David Reis.

Rising Sun, Farmer's Preserving Co.

iSeaford, Greenabaum Bros.

Seaford, Ross Bros.

Smyrna, John H. Hoffnicker.

Woodside, S. H. Derby & Co.

Illinois:

Bloomington, Bloomington Canning Co.

Elgin, Elgin Packing Co.

Eureka, Dickinson & Co.

Hoopestown, Illinois Canning Co.

Indiana:

Cayuga, N. S. Martz.

Eaton, Indiana Packing Co.

Greenwood, J. T. Polk.

Muncie, Crampton-Tohey Canning Co.

19
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Indiana—Continued.

Muncie, Magic Packing Co.

New Castle, Blue River Canning Co.

Sellersburg, Silver Creek Canning Co.

Iowa:

Fort Madison, Fort Madison Canning Co.

Waverlj, The Kelly Canning Co.

Maine:

Brunswick, Baxter Bros. Co.

Farmington, C. S. Dingley & Co.

Jonesport, Jonesport Packing Co.

Lubec, Eureka Packing Co.

North Lubec, Lubec Packing Co.

Portland, Portland Packing Co.

Portland, The Twitchell-Chaplin Co.

Maryland:

Baltimore, W. W. Boyer & Co.

Baltimore, The Joho Boyle Co.

Baltimore, Gibbs Preserving Co.

Baltimore, W. Grech & Co.

Baltimore, S. M. Lawder & Sons Co.

Baltimore, H. J. McGrath & Co.

Baltimore, Thos. J. Mever & Co.

Baltimore, Wm. Numsen & Sons.

Baltimore, The Sterling Packing Co.

Baltimore, The Martin Wagner Co.

Baltimore, Moore & Brady.

Bethlehem, R. M. Messick.

Buckeystown, The Buckeystown Packing Co.

Cambridge, Ivey L. Leonard Packing Co.

Easton, Hubbard & Bro.

Frederick, Monocacy Canning Co.

Goldsboro, Robt. Jarrell.

Greensboro, F. P. Roe «& Bro.

Havre de Grace, H. A. Osborn.

Hillsboro, Stewart & Jarrell.

Ferryman, John W. Bay & Co.

Ridge Summit, Emmond Bros.

Union Mills, B. F. Shriver & Co.

Westminster, B. F. Shriver & Co.

Westminster, Smith Yingling & Co.
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Michigan:

Adrian, Adrian Packing Co.

Benton Harbor, Alden Canning Co.

Kalamazoo, The Du«ikle Celery and Preserving Co.

Dowagiac, Dowagiac Canning Co.

New Jersey:

Bridgeton, B. S, Ayars.

Freehold, Jos. Brakelev.

Greenwich, Watson Bros & Co.

Salem, Hiles & Hilliard.

Salem, Stara & Bro.

Salem, Mrs. J. W. Lippencott.

Sharpstown, Kerrison M. Davies.

Stevens, Frederick Cooper.

New York:

Buffalo, Erie Preserving Co!

Buffalo, The United States Canning Co.

Clyde, Dwight Hemmingway.
East Rush, Genesee Valley Preserving Co.

Fairport, Howard Thomas Co.

Fredonia, Fredooia Canning and Manufacturing Co.

Geneva, Geneva Preserving Co.

Geneva, Torrey Park Preserving Co.

New York City, Romain & Co.

Rochester, Curtice Brothers.

Rome, Clinton Canning Co.

Rome, Fort Stanwix Canning Co.

Syracuse, H. C. Hemmingway & Co.

Taberg, A. V. Lane.

Verona, Empire State Canning Co.

Verona, Fred Merry.

Westernville, Mohawk Valley Canning Co.

Williamstown, J. J. & F. White.

Ohio:

Ashville, Sciota Canning Co.

Beach City, The Trescott Packing Co.

Canton, Canton Canning Co.

Circleville, C. E. Sears & Co.

Cleveland, Cleveland Canning Co.

Dayton, North Dayton Packing Co.
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Ohio—Continued.

Pleasant Hill, Pleasant Hill Canning Co.

West Alexandria, Gem Canning Co.

Pennsylvania:

Delta, J. S. Whitefoi-d.

Girard, Hamilton Bros.

Hanover, Winnebrenner & Co.

Littlestown, B. F. Shriver & Co.

McCall's Ferry, E. W. Urey & Co.

North East, The North East Preserving Co.

Philadelphia, Wm. F. Beck.

Philadelphia, Pennsylvania Packing and Provision Co.

Philadelphia, Selser Bros. Co.

Pleasant Grove, E. M. Haines.

Shamokin, Shamokio Packing Co.

Stewartstown, J. B. Gable.

Stewartstown, J. M. Jordan.

York, York Packing Co.

York, John H. Thomas.

Wisconsin:

Manitowoc, A. Landreth Go.

Manitowoc, East Wisconsin Canning Co.

Sun Prairie, Sun Prairie Canning Co.

Two Rivers, E. J. Vodra Canning Co.
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bacte:ria of the: soil in thkir relation
to agriculture.

By Frederick D. Chester, Bacteriologist, Delaware AgriciMural Experiintnt Station

The bacteria of tlie soil bear a most important relation to the nu-

trition of plants. If a soil be heated to a temperature sufficient to

destroy its bacterial life, the growth of plants will be maintained

therein only up to the point of the exhaustion of its easily soluble

and assimilable plant food, at the end of which time they will die

of starvation. The reason for this is that new plant food can no

longer be elaborated since the agents concerned in the latter process

are wanting. Should this condition of sterility of the soil continue

it can no longer produce crops, and were this condition universal the

world would become a barren waste.

In every soil a series of complete chemical changes are taking

place, due to the activities of soil organisms. These changes involve

the digestion of crude plant food whereby an otherwise useless con-

stituent of the soil is put into such a state that it can be absorbed

by the plant. Digestion, therefore, implies the rendering soluble of

an otherwise insoluble substance.

Nutrition whether applied to animals or plants implies three dis-

tinct processes; digestion, absorption and assimilation. Digestion

is the rendering soluble; absorption is the taking up of the soluble

products, while assimilation is the elaboration of new tissues from
the absorbed products.

Substances to be absorbed must be so changed that they will dis-

solve in the fluids of the organisms, which in the case of an animal,

is the blood or lymph, and of the plant, its juices.

Starch taken as food is insoluble in the fluids of the body; it

therefore cannot be absorbed until it is converted into a soluble

sugar A morsel of lean meat is insoluble, however fine its state of

division, hence before it can be absorbed it must be converted during

digestion into a soluble pepton.

What is true of the crude elements of animal food is equally true

of the crude plant food of the soil. Thus the granule of mineral

matter, the bit of bone in a fertilizer, the shred of dried blood or

other animal matter, the top and root of the clover turned under

—
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all these and many other forms of crude plant food are in themselves

• of no use to the plant until the elements therein are put into such a

shape as to be taken up into the juices of the plant through the

absorbing rootlets. Furthermore, as we have intimated, this work
of digesting the crude plant food of the soil is continually being car-

ried on by myriads of microscopic organisms present in every normal

soil. Through their agency nourishment is gradually and continual-

ly being supplied to growing crops as rapidly as their needs demand^
and there results a beautiful and w'onderful relationship and balance

between the life of the highest and lowest of the plant creation. The
one is dependent upon the other, and independently neither can nor-

mally exist.

Such is the general relationship existing between soil micro-organ-

isms and plant growth.

We are thus led to understand the importance of the study of Soil

Bacteriology to general agriculture. The more detailed exposition

of the subject, together with the relation of its principles to practice,

will be outlined in the pages which follow.

I. THE ELEMENTS AND SOURCES OF PLANT FOOD.

Ninety-three to ninety-six per cent, of the dry weight of agricul-

tural plants is organic matter, and is composed mainly of the four

elements: carbon, hydrogen, oxygen and nitrogen. The remainder is

inorganic or mineral matter which is recovered for the most part in

the ash when the plant is burned.

The elements found in the organic portion occur in approximate

proportions as follows: Carbon 45 per cent., oxygen 49 per cent,

hydrogen 6 per cent. Besides these, nitrogen may exist in amounts

varying from 0.5 to 1.0 per cent, of the whole.

The green parts of all plants, but particularly the leaves, in-

hale and exhale atmospheric air. In the latter is ordinarily con-

tained about four parts of carbon-dioxide for every 10,000 parts of air.

Carbon-dioxide is composed of the elements carbon and oxygen in the

proportion of one part of the former to two of the latter. It is this

compound which furnishes to the plant all of the carbon and a por-

tion of ihe oxygen.

The roots absorb water, and conduct it to the stem, whence it is

carried to the leaves. Water contains the elements hydrogen and

oxygen in the proportion of two parts of the former to one of the

latter. Water furnishes all of the hydrogen and a portion of the

oxygen. In other words, the two compounds, carbon dioxide and

water, are brought together in the leaves and a chemical reaction
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between the two takes place, under the action of sunlight, by which

these elements are combined in such a way as to produce starch.

Starch therefore accumulates in the leaf as a result of this process

known as assimilation.

The various changes w'hich the starch undergoes, and the manner
in which it contributes to the nutrition of the plant, is a matter be-

yond the limits of our subject. But sullice it to say that 98 per cent,

of the organic portion of the plant is manufactured by the process

here indicated, so that it may be said that in the main the plant gets

its food from the air and from pure water. But these elements alone

will not suflQce to maintain plant life; in fact no plant can grow
without that vital substance within its cells known as protoplasm.

Plants grow by a multiplication of their cells, and cells empty
of protoplasm are dead.

Protoplasm, besides containing the elements, carbon, hydrogen and

oxygen, also contains about 16 per cent, of nitrogen. Most agri-

cultural plants also contain in their dry water-free state from one-

half to two per cent, of nitrogen in the form of proteids.

Plants obtain their nitrogen mainly from the soil, and so import-

ant is this element to their growth that a soil may be said to be rich

or poor as its contents is high or low in nitrogen. In fact the prob-

lem of agriculture to-day is to supply to the soil an abundant store

of this essential element.

The nitrogen of the soil \b, in the main, stored away in its humus
content, hence soils rich in humus are also rich in nitrogen. Thus it

is nitrogen which the agriculturist seeks when he migrates to the

prairie loams rich in humus, or when he reclaims the forest to possess

a virgin soil. In fact it is the nitrogen problem with which the

soil bacteriologist is more concerned than with any other, and its

importance and bearings will be made more apparent as we proceed.

As has been intimated, from four to seven per cent, of the dry

weight of the plant is composed of inorganic or mineral matter. In

this portion we recognize, as most important, potash, soda, magnesia,

lime, iron, phosphoric acid, sulphuric acid, chlorine and silica.

These occur usually in abundance in all soils, although not always
in an available form; in fact many of them exist in an insoluble state

and need first to be digested or rendered soluble before they can be

absorbed by the plant.

Soil bacteriology is partly concerned with those processes in the

soil by which stores of mineral food are unlocked to growing crops.

But to understand these processes in full it will be necessary to con-

sider for a moment the question of the origin of soils, and thus trace

each step in the operation.
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II. SOILS, THEIR NATUEE AND ORIGIN.

Rocks form the solid crust of the earth. These when brought under

the intluence ©f the atmosphere, frost and pej'colating waters, etc.,

are broken and disintegrated, forming a layer of loose materials con-

stituting the soil. The nature of these disintegrations and their re-

sulting products vary with each mineral, and hence the character

of the soil is largely dependent upon the mineral composition of the

underlying rocks.

Let us take as an example a region underlaid by some rock of the

granite family, such as is found under a considerable portion of

southeastern Pennsylvania. Such rock will contain the following

minerals: Quartz, orthoclase feldspar, plagioclase feldspar, biotite,

hornblende, and accessory apatite and magnetite. The composition

of these several minerals will be represented in the following table:

Table I.

Name of Mineral. Chemical Composition.

Quartz
Orthoclase
Plagioclase
Biotite
Hornblende
Apatite

Magnetite

Silica,
do.
do.
do.
do.

Alumina.
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integrate first, the hornblende next, while the biotite mica remains

for a long time unaffected. Thus there results a clay, the final pro-

duct of the disintegration, mixed with quartz particles, or sand, to-

gether with fragments of undecomposed rock of greater or less size,

giving the soil its open, porous or even stony character, so common in

regions underlaid by the ancient crj'stalline rocks.

Besides the direct chemical actions already enumerated, other

factors in soil formation of a physical nature might be mentioned.

These are the expansion and contraction of rock masses; frost and

freezing water; plant roots forcing their way into rocky crevices;

beating and scouring rain; all tending to disintegrate the rocky cov-

ering of the earth and to open it more thoroughly to the subtle action

of meteoric waters.

Another type of soils are those formed from the disintegration of

limestones. Limestones are impure mixtures of carbonate of lime

Vvith various proportions of sand and clay. In the disintegration

the great bulk of the carbonate of lime is leached out, and the insolu-

ble sand and clay are left as the final product. Thus a limestone

composed of 75 per cent, of carbonate of lime, may when converted

into soil contain only a trace of the original carbonate. This resi-

dual soil is however more or less rich in the mineral elements of plant

food while the as yet mndecomposed particles in the residual sand,

by continued disintegration, add new food materials to growing
plants.

Sandstones undergo disintegration by the solution in meteoric

waters of the materials which bind together individual grains. In

this way the component sand particles are loosened, together with

clay, which is generally an important constituent of most sand-

stones.

Whatever may be the character of the rock or of its contained

minerals the process is the same, i. e., the dissolving out by means of

percolating waters of the elements of plant food contained within the

minerals. These percolating waters are furthermore made active

solvents in the disintegration of rock through the acid products

which they contain, which in turn are produced by the decay of or-

ganic matter through the agency of micro-organisms. Of the acid

products the most active in this regard is carbon dioxide, which is

the final product of the decomposition by bacteria of organic mat-

ter.

The chemical union between the carbon dioxide in percolating

waters and the potash soda lime and magnesia in the minerals, re-

sults in the formation of carbonates and bi-carbonates of these bases,

which being soluble, are in a large measure carried away in solution

so that the residual soil contains but a certain proportion of these

original stores of agricultural wealth. This loss of mineral plant
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food is illustrated in tlie following table, in which in the first column

are given the percentages of lime magnesia potash and soda in an
original gneiss rock, and in the second column the quantities of the

same present in the residual soil.

Lime (Ca 0), 4.44 Trace

Magnesia (Mg 0), 1.06 0.40

Potash (K 2 0), 4.25 1.10

Soda (Na 0), 2.42 0.22

The question might here be asked why are not all of these elements

of plant food entirely leached from the soil, and in what form are

these residual materials held. In most soils a portion of them are

locked up in the form of undecomposed mineral particles and frag-

ments of rock, and it is the continued decomposition of these latter

which furnish fresh stores of available plant food.

Another important chemical process going on in the soil is the

formation of so called zeolitic compounds. As the alkalies, such as

soda and potash, are dissolved out of the minerals by carbonated

waters the carbonates thus formed possess a certain solvent action

upon silica. This dissolved or gelatinous silica combines with the

alkalies, resulting in the formation of zeolites. These secondary

zeolites thus fix as it were the alkalies, notably potash, which might

otherwise be leached from the soil. Furthermore, the especial affin-

ity which potash has for zeolites fixes this, the most important of

mineral nutriments, above all others. Thus if a zeolite be composed

of silica and soda or of silica and lime, the potash in preference will

enter into combination with the silica and the less valuable soda or

lime will be set free.

Zeolites differ from the more insoluble silicates found in rock-

forming minerals in the fact that they are readily decomposed by acid

soil waters, thus setting free to plants their valuable nutrients.

III. THE SIGNIFICANCE OF SOIL BACTERL'V.

Active and Potential Fertility of the Soil.

Since the different chemical changes taking place in soils, by which

plant food is elaborated and rendered available, are in large meas-

ures the result of bacterial action, it is assumed that the larger their

numbers, up to certain limits, the greater must be the rate of elabora-

tion of plant food.

This is instanced by the fact that soils which are under active

fertilization and cultivation, and which in the popular sense are con.-
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sidered fertile, are relatively high in bacteria as compared with those

in the opposite condition.

In this we must distinguish between active and potential fertility.

A soil is actively fertile when plant food is being elaborated

therein at a greater rate than required by the maximum demand of

growing crojjs.

Such soils not merel}' contain an abundance of crude plant food,

but the latter is being actively digested.

Such soils are, furthermore, always high in bacteria, showing that

the latter are functionating vigorously under conditions most favor-

able to them,

A soil is potentially fertile when it is rich in plant food, but owing

to unfavorable conditions or environment the soil bacteria are dor-

mant, and thus either cease to digest plant food or do it so inactively

as to fail to keep up with the demand of growing crops.

Thus forest and woodland soil are rich in huraus and other crude

plant food, but owing to their usually acid condition, as well as to

their compacted state, the bacteria therein are able to develop but

slowly, and but little available plant food is elaborated. Such
soils are low in bacteria; but let this virgin forest soil be brought

under active cultivation, especially if its acidity be corrected at the

same time by means of a liberal dressing of lime, conditions favorable

to bacterial life are at once created, the number of bacteria rises, and
an actively fertile soil is the consequence.

Old pasture lands and permanent meadows possess potential

rather than active fertility. In such soils the number of bacteria is

relatively low, and plant food is but slowly digested. But such lands

are at once converted into an actively fertile condition when brought

under cultivation or when other means to stimulate bacterial life in

the soil are utilized.

It is the function of the agriculturist to understand how poten-

tial can be converted into active fertility; in other words how land

rich in crude plant food can be made large producer of crops.

An average of the results of 49 analyses of typical soils of the

United States showed per acre for the first eight inches of surface

soil 2,600 pounds of nitrogen, 4,800 pounds of phosphoric acid and
13,400 pounds of potash. The average yield of wheat in the United

States is 14 bushels per acre. Such a crop will remove 29.7 pounds
of nitrogen, 9.5 pounds of phosphoric acid and 13.7 pounds of potash.

Now if all of the potential nitrogen, phosphoric acid and potash could

be rendered available there is present in such an average soil, in the

first 8 inches, enough nitrogen to last 90, enough phosphoric acid for

500 and enough potash for 1,000 j^ears.

This is what is meant by potential fertility, and yet such a soil
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possessing this same high potential fertility, may, under certain con-

ditions, be so actually barren of results to the farmer as to lead him

to believe it absolutely devoid of plant food.

A soil at Kothamsted, England, which has been successively crop-

ped to grain for 50 years without the addition of manure, and which

consequently had become exhausted especially in available phos-

phoric acid, still contained a total of 2,880 pounds of phosphoric acid

per acre in the first foot of surface.

Of this only 72 pounds per acre was soluble in a one per cent,

citric acid solution. In other words, a soil which contained enough

total phosphoric acid to support a wheat crop for 300 years, had, as a

result of 50 years successive cropping, its store of available phos-

phoric acid so reduced as to leave a supply sufficient to last only be-

tween seven and eight years. This case is typical of thousands of

others, and is illustrative of what is meant by soil exhaustion. It

consists in using up original supplies of available plant food at a

greater rate than they are being manufactured in the soil. Most of

the older lands of the Atlantic seaboard which have been regarded

as "worn-out" and exhausted are in much the same condition. Never-

theless they still contain large stores of unavailable plant food, which

it only requires the application of modern agricultural practice to

unlock. In other words, soils still potentially fertile must be made
actively so, and since soils potentially fertile are low and those ac-

tively fertile high in bacteria, it would appear that one of the primary

requisites of active fertility is to fulfil those conditions of the soil

which favor the best development of bacterial life therein.

NuTubers of haoteria in soils thus liecome an index of active fer-

tility.

IV. METHODS OF DETERMINING THE NUMBER OF BAC-
TERIA IN SOILS.

1. Drawing the soil sample. The determination of the number of

bacteria in the soil of a given area involves an elaborate and careful

preparation of the sample.

Studies at the Delaware Experiment Station have shown that the

numbers vary considerably within rather narrow horizontal ranges,

and thus to obtain an average sample, representative of an entire

field, implies the collection and mixing of a large number of smaller

samples. For most studies it will be sufficient to collect the first

nine or twelve inches of soil, and for this a wood auger one inch in

diameter is very satisfactory.

To preserve the boring intact a device such as is shown in Fig.
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I, is used. It consists of a circular plate of copper, six inclies in

diameter, in the centre of wliich is a circular hole, one and a fourth

inches in diameter, from which rises at right angles to the plate a

copper tube of the same diameter and twelve inches long. The

ground where the boring is to be made is cleared of all vegetation

and the copper plate set firmly and held in place by both feet.

The auger is then inserted into the copper tube, which should stand

vertical to the ground surface, and the auger turned until the re-

quired depth is reached, as determined by graduations on the stem of

the auger. The auger is then drawn gently from the ground and

into the copper tube until the core of earth is enclosed in the latter,

and thus kept intact. The earth is then emptied on a sheet of clean

paper.

In getting an average sample for an entire field, borings should be

taken along two intersecting lines diagonally across a field at in-

tervals of ten or twenty feet according to the size of the plot. These

separate borings are emptied into a clean box until the work is fin-

ished. The collected soil is then sifted through a No. 10 sieve, reduc-

ing the lumps but discarding stones and gravel. The sifted soil is

then very thoroughly mixed, and from this a sample of about two

pounds is taken to the laboratory.

The latter sample is lifted through a brass sieve of a one-milli-

meter mesh, and any lumps or coarse particles are reduced in a mor-

tar until the entire sample has been made to pass the meshes of the

sieve. The whole is then very thoroughly mixed and from this a

small sample of about twenty grams is taken. This is then sifted

through a 0.5 millimeter brass sieve which has been made sterile in

a bath of boiling water, and dried over the bare flame of a bunsen

burner. Any lumps or coarse particles which do not readily pass the

sieve are rubbed in a sterile mortar until the last portion has passed.

The sittings are then thoroughly mixed, transferred to a sterile test-

tube and tightly corked.

^. Making the analysis. In a weighed glass-stoppered weighing-

bottle approximately 0.5 a gram of the sample is placed, and the

exact weight determined. The soil sample is transferred to a small

sterile mortar and with a small quantity of sterile water rubbed to

a fine mud, after which the last trace of soil in the weighing-bottle

is transferred to the mortar by washing with sterile water.

The supernatant muddy water in the mortar is then transferred to

a 100 c. c. flask containing sterile water; more water is added and

the residue triturated; again transferred to the flask, and the opera-

tion continued until all of the soil in a finely divided state has been

washed into the flask. The latter is then filled to the 100 c. c. mark

with sterile water, and the contents vigorously shaken for exactly

two minutes. One c. c. of this turbid water is then transferred to a
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©econdi 100 c. c. flask, and filled to the mark with sterile water,

shaken for one minute, and 1 c. c. of the dilution transferred to a tube

of melted gelatin (5 c. c. in each tube), the latter gently rocked, and
the contents poured into a Petri dish. The gelatin is made to solidify

rapidly on a cold plate, and then placed in a cold water incubator

for four days. At the end of this time the number of colonies on
tke plate are counted.

The result of the analyses are expressed in number of bacteria per

gram of dry soil, hence it becomes necessary to know the percentage

of moisture in the sample. Fop this a given weight of soil from the

same tube is taken, and dried for three hours at 100° C, and from this

the percentage of dry matter in the sample is calculated.

It is evident that in the mixing of the soil with water in the two 100

c. c. flasks there is in the 1 c, c. taken for the plate culture a one

ten-thousandth dilution of the original quantity, hence the number
of colonies on the gelatin plate must be multiplied by 10,000 to get

the true number in the quantity of moist soil taken. To calculate

the number per dry gram of soil the following formula is used:

in which N equals the number of bacteria per gram of dry soil, N'

the number of colonies on the gelatin plate, P the percentage of dry

matter in the sample, D the dilution of the soil sample (in most cases

iOjOOOj, and W the weight of the moist soil taken for bacteriological

analysis

V. THE NUMBER AND DISTRIBUTION OF SOIL BACTERIA.

In the superficial portion of ordinary cultivated soil the number

of bacteria varies from several hundred thousand to several millions

per gram of dry soil. The following list will show the range of vari-

ation as observed by different authors:

1. Park Montsouri, Paris (Miquel. 1879),2 700,000

2. Sandy soil (Adametz, 1880),=^ 300,000

3. Clay soil, 500,000

4. Orchard, Potsdam (Fraenkel, 1887),* 31,000 to 218,000

5. Soil of grain fields (Caron, 1895),^ 937,000 to 1,600,000

6. Pear orchard, Del. Expt. Sta., ground under high

state of cultivation (Chester, 1901),« 2,200,000

7. Land in permanent grass for over 12 years, New-

ark, Del. (Chester, 1901),^ 425,000

8. Land in grass for four years, Newark, Del. (Ches-

ter, 1901),« 425,000
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9. Land, Newark, Del., under active cultivation aur-

ing sumaier, now in crimson clover (Chester,

1!)01),« 1,880,000

10. Soil from the center of a strip of woodland, New-

ark, Del. (Chester, 1901),^ 70,000

11. A family vegetable garden, Newark, Del. Rich

in humus and actively cultivated,*^ 1,81G,000

The preceding table, except No. 10, represents agricultural soils.

In special instances the number may rise much higher, particularly

in soils in the immediate vicinity of dwellings and stables. Accord-

ing to Manfredi,2i the number of bacteria in the dust of the streets

oi Naples varied from 1,000,000 to 10,000,000 per gram, and even

higher. Maggiora^-^ gives figures as high as 78,000,000 for the num-

ber of bacteria per gram of soil in certain inhabited spots.

Adametz in 1886,^ Fraenkel^ in 1887, and Caron^ in 1895, showed

that the maximum number of bacteria were not found at the surface

but at a depth of from nine to eighteen inches beneath the same.

In 1887 Fraenkel^ showed that at a depth of from thirty to sixty

inches there was a rapid and abrupt diminution of the number of

germs from 200,000 at twenty inches, to 2,000 at thirty-nine inches,

while at a depth of five feet no living germs were obtained. These

results are not altogether in accord with results obtained by the

writer in Delaware, which show that the maximum number of bac-

teria occurs in the first six inches of soil, below which they diminish

at a very rapid rate, until at twenty-four inches only about one-five-

hundredth of the number at the surface exist. Furthermore, it was
found that the highest numbers exist not at the surface, but at a

depth of about four inches below the same. In the following figure

2 is shown the rapid decline in the number of bacteria in the soil as

the depth increases, determined at the Delaware station.

VI. CONDITIONS AFFECTING THE NUMBER OF BACTERIA
IN THE SOIL.

The observations of Maggiora in 1887 have shown (1) that the num-

ber of germs in desert and forest soil is much smaller, other things

being equal, than jn cultivated lands; (2) that the number is propor-

tionate to the activity of cultivation and the strength of fertilizers

used, and (.3) that light sandy soils contain fewer germs than those

rich in clay and especially those rich in humus.

These results are in accord with those given in the preceding

table, which show (1) the very low number present in woodland

soil, (2) the very high number present in soils under active cultivation
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and (3) the relatively low number in soils covered with sod. The
reason for these differences is apparent. Woodland soils, although

rich in humus, are usually too acid for the best development of bac-

teria therein. Pasture lands, or lands for a long time in sod, are too

compacted or imperfectly aerated. Most soil bacteria develop best

in the liberal presence of atmospheric air, hence the opening up of

such soils by tillage to the action of the atmosphere is essential be-

fore the best development of bacteria can take place. Pasture lauds

also have a tendency to become acid, a condition unfavorable to bac-

terial development.

In the studies at the Delaware Station, the highest numbers of bac-

teria were always found in soil which had been under active culti-

vation, especially when liberally supplied with humus, either by plow-

ing under of green crops or by the use of stable manure. Thus in soil

No. 6, of the preceding list, where the number of bacteria was 2,200,-

000 per gram, the latter had been enriched by repeated crops of crim-

son clover plowed under, accompanied by active tillage. Soil No. 11,

a vegetable garden, had annual di'essings of stable manure for a

series of years, and had also been under constant tillage. The

value of stable manure in increasing the number of bacteria in the

soil has been shown by Miquel,^ who found that after the applica-

tion of this fertilizer the number of bacteria in the soil was increased

from 700,000 lo 900,000 per gram.

It may therefore be stated as a general principle that the com-

hined efect of hvjh manuring and (ultivat'Oii is to decidedly increase

the number of bacteria in the soil, thus in tm^n setting free an in-

creased quantity of OA^ailahle ])lant food.

Soil Bacteria in Their Kelation to Atmospheric

Oxygen.

It has been stated that the great majority of soil bacteria develop

best in the presence of atmospheric oxygen. Bacteria differ as re-

gards their relation to this important element, and thus it has been

the custom to divide them into three classes, (1) obligate aerobes, or

those which do not grow except in the presence of oxygen; (2) anae-

robes or those which grow only with the complete exclusion of oxy-

gen, and (3) facultative anaerobes or those which are indifferent to

the presence or absence of this gas. In recent times it has been rec-

ognized that no such sharp lines as these can be drawn; on the

other hand these different classes merge into one another by indis-

tinct stages of gradation.

A bacterium may, in a measure, show the ability to grow with the

partial or complete exclusion of atmospheric oxygen, but it grows
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Fig. 2.—Showing' number of Bacteria in different depths of soil,

Experiment Station Grounds, Newark, Delaware, September 21, 1901.







Fig. 3.—A showing- airobic growth, and B anzerobic

growth of bacteria in gelatin stab cultures.

/^

Fig. 4.

—

A showing serobic, and B anaerobic g-rowth

of bacteria in glucose 1 ouillon in fermentation tubes.
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less vigorously than when air is freely admitted; in this case the ten-

dency is towards an anaerobic habit, but such a habit may not be

fixed, and it may be changed in a measure by cultural conditions

under the control of the bacteriologist. That is, an organism which

has a slight anaerobic habit can be made to grow more and more
freely with the exclusion of atmospheric oxygen. The relation of

bacteria to atmospheric oxygen may manifest itself in a number of

ways.

Thus if a fine sterile platinum needle be dipped into a bacterial

culture, so that Its surface becomes covered with a particular germ,

and if this contaminated needle be* then stabbed into a tube con-

taining solid nutrient gelatin, a medium in which bacteria grow
readily, the latter are, so far as food material is concerned, free to

grow^ at all points along the line of stab, and their development
is only limited by their ability to grow in the presence or absence

of atmospheric oxygen. If growth takes place as well in the depth of

the medium, where air is excluded, as it does at the surface where air

is abundantly present, such an organism is clearly indifferent to its

atmospheric environment. If on the other hand no growth takes

place in the depth of the gelatin, but only on the surface, the organ-

ism would be aerobic in habit, as shown in Fig. 3 A, or again if the

growth be confined to the deeper portion of the line of inoculation

with no growth at the surface, the organism w^ould show the op-

osite or anaerobic habit. Fig. 3 B. Between these extremes there

will in different bacteria be seen to be a wide range of variation. In

the different soil bacteria so far studied there was but little tendency

for them to grow in the depth of the gelatin, practically all of the

growth taking place at the surface, thus showing the generally aero

bic habit of the great majority of them.

Another valuable method of demonstrating the relation of an or-

ganism to atmospheric oxygen is by means of a culture in a fermen-

tation tube, seen in Fig. 4, containing beef broth to which two per

cent, by weight of grape sugar has been added. In the fermentation

tube it is noticed that one end of the same is open and exposed to

the air while the other is closed and excluded from the air. If

bacteria are disseminated throughout the broth in the tube, they

will be free to develop in either arm as they find atmospheric oxy-

gen favorable or unfavorable to their growth. Thus if the growth is

confined to the open arm of the tube the organism concerned is

aerobic. Fig. 4 A, and if confined exclusively to the closed arm. Fig.

4 B, anaerobic in habit, while if an equal amount of growth takes

place in both arms it is indifferent to atmospheric oxygen and is con-

sequently facultative anaerobic in habit.

Of ten of the most common soil bacteria recently studied by the

20
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writer, eight of them grew only in the open end of the fermentation

tube, thus showing, in addition to the character of the growth in

gelatin stab cultures, their distinctly aerobic habit.

In Fig. 4 A, is shown a culture in a fermentation tube to which

was added 1 c. c. of a watery infusion of soil from the Delaware Sta-

tion experimental grounds. In this 1 c. c. of infusion, something like

10,000 bacteria were introduced, out of the total of 1,000,000 present

in the same, or one out of every hundred. It is therefore reasonable

to assume that in this way at least the most important and predom-

inating bacteria were introduced. As a result it is seen that all of

the growth is confined to the open end of the tube. Hence we may
believe that at least the predominating hacteriaof this soil were dis-

tinctly aerobic in habit.

2. The Kelation of Bacteria to Moisture.

One of the primary requisites of bacterial growth is the presence

of moisture. If a soil becomes perfectly dry, not only do bacteria

cease to multiply therein, but a large proportion of them die. It is

the organic and in a slight measure, the inorganic materials in solu-

tion in the soil moisture which supply food for bacteria, hence the

maintenance of soil moisture is one of the essential requisites for

bacterial development. In short, those moisture conditions which are

most favorable to the plant are likewise equally favorable to the

bacteria of the soil. A free and uniform distribution of soil moisture

is furthermore essential to a uniform distribution of bacteria, and

hence to the active elaboration of plant food in all parts of the soil.

It is clear that when the soil becomes dry to a considerable depth

bacteria cease to develop and with it the digestion of plant food

ceases; hence the maintenance of soil moisture by proper methods

is important.

Relation of Soil Bacteria to Organic Matter and Humus
in the Soil.

Inasmuch as organic matter and humus furnish food for soil

bacteria it might be presumed that the greater the amount of such

materials present the greater would be the number of bacteria and

hence the greater the amount of plant food digested. Such is the case

only within limits. If a solution be prepared containing one per cent,

by weight of beef pepton, and be seeded with a soil organism capable

of converting the pepton into ammonia and other decomposition
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products, a vigorous growth will take place, and a relatively large

aiiiouut of decomposition products will be quickly formed; but

soon active growth will cease, and that before the full amount of the

original pepton has been completely decomposed. In short, the

organism has been either killed or its energies have been paralyzed

by the products of its own growth, which in this case have been pro-

duced in relatively large amount in the more concentrated solution.

If on the other hand a solution be prepared containing only the one-

hundredth of one per cent, of pepton, and be seeded with the same

organism, growth in the latter medium will be relatively slow, with

a correspondingly slow development of ammonia; but the decom-

position wall continue until all of the pepton has been decomposed.

Furthermore, the activity of the decomposition will be as great at

the end as at the beginning of the process, showing that the vitality

of the organism has not been impared. This is doubtless because

in the dilute solution the toxic products are not sufficiently concen-

trated to injure the life of the micro-organisms.

What is true here would be equally true of the state of concen-

tration of the organic matter in the soil. If the latter be present

in excessive quantity bacterial development will proceed for a time

at an excessive rate, but soon products injurious to their best de-

velopment will be produced. There is, therefore, a limit to the

amount of humus which a soil should' contain.

In forest and woodland soils the amount of humus in the surface

layer is large. In such soils organic acids are generated in quantities

too large for the best development of bacteria, and hence, as is found

to be the case, the number of bacteria is low.

It has been shown that nitrification practically ceases in forest

soils, due doubtless to the fact that the nitrifying bacteria, more

than any other, are injured by high acidity and excessive humus.

The only condition which renders possible the addition of large

stores of humus to the soil is subsequent tillage, which so stimulates

bacterial growth as to lead to the destruction of organic acids, or to

the production of ammonia, which neutralizes them. Hence when

a crop of clover or other legume is plowed under' it is hest followed

oy a cultivated or hoed crop.

4. The Relation of Soil Acidity to the Number of Soil

Bacteria.

It is important to know the conditions of the soil which are most

favorable to the rapid development of soil bacteria. Among these

nothing is so important as to maintain a proper reaction of the soil.

Acid soils are infertile because soil bacteria, which are digesters of

plant food, cannot grow therein. We say that lime when applied to
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land, among other benefits, assists in the decomposition of organic

matter. This is true only indirectly. The lime neutralizes the acid-

ity of the soil and renders it a more favorable medium for the develop-

ment of those bacteria which are the true agents in the decomposi-

tion.

In determining the number of bacteria in soils it is necessary to

use a medium the reaction of which is such that the maximum num-

ber will develop. Thus from a given dilution of a soil with water

an average of seveaty-two colonies developed in neutral gelatin,

while with the presence of 0.25 per cent, of free alkali an average of

thirty-four colonies developed, and with .07 per cent, of free hy-

drochloric acid an average of only one colony developed. Increas-

ing quantities of citric acid added to the medium had the same
retarding action, showing that with a distinctly acid condition of the

medium but few soil bacteria would grow.

Of the different species of bacteria isolated by the writer from

soils, none grew in a medium containing one-tenth of one per cent,

of free hydrochloric acid, and either not at all or only feebly in one

containing one-half of this acidity. All, however, grew in neutral

media or in those feebly alkaline. A marked excess of caustic al-

kalies in the medium, approaching .02 to .03 per cent., had a retarding

action on the growth of the bacteria, but where the less caustic

bases like lime were added a considerable excess proved favorable.

The valuable results from lime added to neutral gelatin media is

shown in the following table, in which is given the number of colonies

developing in media containing different amounts of milk of lime,

seeded with the same quantity of a one-ten-thousandths dilution of

a soil infusion:

Table II.

G.

2. o

u

o (1>

^ o .

Calcium Hydrate (Ca (OH),) Present In Medium.

n'O'o

.44 grams per 100 c. c.

.OS grams per 100 c. c.

.12 grams per 100 c. c.

.16 grams per 100 c. c,

S7
76

>i
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The valuable results from the use of lime seem to diepend partly on

the fact that it stimulates the development of soil bacteria. This was
shown in certain pot experiments conducted by the writer.

Pots were tilled with soil to which was added an equal quantity of

clean gray stream sand.

To pots one and two nothing was added.

To pots three and four was added lime at the rate of 1,000 lbs. per

acre.

To pots five and six was added lime at the rate of 2,000 lbs. per

acre.

To pots seven and eight was added lime at the rate of 4,000 lbs. per

acre.

The number of bacteria per dry gram of soil in each pot was de-

termined at the beginning of the experiment, and again seven weeks
later.

The results are shown in the following table:

Table III.
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VII. THE CHEMICAL CHANGES TKODUCED BY BACTERIA
IN THE SOIL.

The Elaboration of Plant Food.

The processes going on in the soil by -svliich plant food in its crude

state is prepared for the use of the growing crop are two, (1) the

decay of organic matter and (2) the disintegration and disolution of

mineral matter. They will be accordingly considered in turn.

1. The Decay of Organic Matier.

Organic matter, whether of animal or vegetable origin, when
freshly incorporated with the soil, undergoes a partial and incomplete

process of decay resulting in the production of a dark material known
as humus.

The amount of humus in soils may vary from one per cent, in the

soils of the arid region of the West to as high as five per cent, in

black prairie loams.

The original supply of humus in virgin soils becomesi a constant

source of plant food through its slow but constant decay. Long
continued cropping and tillage produces in time, however, a ''burning-

out," which means that the humus content of the soil is being

gradually reduced. Thus according to Snyder,8a virgin soil with

four per cent, of humus will, after twenty years of grain cropping,

show a reduction to 2.5 per cent, of the same material.

2. Forms of Organic Matter in the Soil.

Organic matter becomes incorporated with the soil largely in the

form of vegetable materials such as fallen leaves, sticks, seeds,

straw, stubble, sod, the roots of various plants, green crops turned

under, etc.

Such vegetable matter of whatever kind is composed of a frame-

work of cells constituting its woody portion. The material constitu-

ting the walls of these cells is, for want of a better term, designated

as cellulose, since the latter substance in one form or another pre-

dominates. Within the cavities of the cells, partially or completely

filling them, may be found certain organic substances of which the

m.ost important are: (1) proteid matter, including protoplasm, proteid

granules, aleurone and gluten; (2) carbohydrates, including starch,

grape sugar, cane sugar, vegetable mucilage, gums; (3) fats and oils.

Besides these are small quantities ef a great variety of other sub-

stances, as glucosides, tannin, alkaloids, essential oils, resins, bal-

sams, turpentine, coloring matter, etc. Notwithstanding the great va-

riety of plant products, the principal materials, forming practically
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rue entire bulk of plant structures, are included under the heads

(1) cellulose, (2) proteid matter, (3) carbohydrates and (4) fats and oils.

The decomposition of these several materials in the soil will be con-

sidered each in turn.

3. The Decomposition of Cellulose or Vegetable Fibre.

That straw and bits of woody fibre become soft and finally disap-

pear as such when incorporated with the soil is a fact of common
observation. Leaves and stems when mingled with earth rapidly

lose their structural characteristics and become converted into a

shapeless mass of mould. The log or stump under the action of bio-

logical and chemical agents decays more slowly, but eventually looses

its structure and becomes converted into a brownish pulverent de-

bris.

These changes involve the fermentation of cellulose or vegetable

fibre, and are of special interest. The walls of vegetable cells are

composed of matter more or less complex in character; but since

cellulose in one form or another constitutes the basal portion of all

cell walls, it has been common to refer to them as composed of this

substance. But more accurately speaking cellulose is now under-

stood to include a large class of plant constituents.

These latter may be grouped under two heads: (1) the celluloses

and (2) the pectoses. The walls of different cells differ in the rela-

tive proportion of these two classes of bodies. Thus the walls of

cells which constitute so called succulent or parenchyma tissue are

relatively rich in pectoses. This is particularly marked in the flesh

of fruits. Cellulose differs in its properties and ability to undergo

fermentative changes. In the latter respect cotton fibres are the

pjost resistant and the cellulose of seeds the least so, while that

found in the fundamental tissue of the higher plants occupies an in-

termediate position. With the difference in the constitution of the

cell walls of plants there results a marked divergence in their ability

to undergo fermentative changes, and also a difference in the pro-

ducts of such fermentation. For this reason the fermentative de-

composition of cellulose becomes an extremely complex phenomenon.

The dissolution of cellulose is brought about by the action of a fer-

ment or enzyme known as cytase.

In 1886, DeBary,^ found in the fungus Peziza sclerotiorum. a sub-

stance which possesses the property of causing cell walls to swell,

become gelatinous, and in a measure to dissolve. Two years later

H .Marshall Ward,^" found that a similar ferment was secreted bv s

species of Botrytis, commonly associated with the soft rot of a num-
ber of cultivated plants.

In his study of the latter, the author observed minute drops ex-
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uding from the filaments of the fungus, and in this exuding fluid was
found a ferment in concentrated form, possessing the power when
coming in contact with cell walls of softening and dissolving them.

It was also observed that the ferment acted differently on different

portions of the cell wall, and that its action was first upon the mid-

dle portion, or what is technically known as the middle lamella. This

was followed by a swelling of the remainder of the wall, and by the

appearance of distinct stratifications, which dissolve one by one in

turn. In the swelling of the cell walls the latter assume a semi-

mucilaginous consistency which has the effect of softening the entire

tissue. Thus plants attacked by cytase secreting fungi, such as the

ones named, undergo a species of soft rot.

In addition to the preceding observations Kean and Arthur^ have

recently shown that the fungus JRkizopus nigricans also secretes a

cellulose dissolving enzyme. This latter fungus is a common cause

of a soft rot of the sweet potato, a result in accord with the proper-

ties of the fungus. It is, furthermore, probable that a large variety

of fungi associated with the soft rots of fleshy fruits and roots, pos-

sess the same property of secreting cellulose enzymes.

A number of the higher toad-stools and shelf-fungi, are associated

with dry rot of timber, in which process the hard wood becomes

converted into a brown pulverent mass. This disintegration is af-

fected, it is now believed, through the ability of these several fungi

to produce enzymes capable of softening and in a measure at least of

dissolving cellulose or woody tissue.

Besides the fungi proper, certain bacteria have been shown to pos-

sess the ability to ferment cellulose. Thus as early as 1850, Mitsch-

erlich^^ made the observation that cellulose could become soluble by

fermentation. In the fermentation of the potato for instance he

found the cell walls dissolved, and associated with this change he

noted the presence of a species of Bacterium. In 1875, Popff^

noted the relation between the degree of fermentation of cellulose

and the development of certain gases, as carbon ddoxide (COo) and

marsh gas (CHJ. Later, in 1879, Van Tieghera showed by experi-

ment that a solution of cellulose was effected through the action

cf a micro-organism related to Bacillus amylohacter. During the

change, hydrogen gas was generated, also an acid, whose presence

gradually hindered the fermentation process. Van Tieghem's ob-

servations that the fermentation of cellulose was due to the latter

B. amylohacter was confirmed by Hoppe-Seyler^ in 1886.

This fermentation as originally shown by Popff, and later by

Pioppe-Seyler and Schlosing, was accompanied by the vigorous evo-

lution of carbon dioxide and marsh gas, and took place in the ab-

sence of air.
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The process consisted probably in an hydration of the cellulose,

and its conversion into dextrose or a related body, and the subse-

quent fermentation of this secondary product as shown by the fol-

lowing formulae:

(1) Cg Hn, O5 + H2O Cg H,2 Og

(2) Cg H,. Og = o CO i-3 CH4

In 1890, Von Senus'« showed that the fermentation of cellulose was

not due to the aiction of B. amylohacter alone, but to its concurrent

action with other organisms. In 1895, Om^lianski^^ announced the

discovery of a bacillus capable of fermenting pure cellulose, which

he obtained from slime and soil rich in vegetable matte'

.

In the experiments of the author filter paper or c ton, repre-

senting cellulose in its purest form, was immersed in r iolution con-

taining sulphate of ammonia, pepton and asparagii and into this

culture medium the organism was introduced. TLi; beginning of

the fermentation was shown by the liberation of gas in from 6 to

10 days. An examination of the filter paper in from 3 weeks to a

month showed an advanced stage of decomposition, and in from 3^

to 5 months 79 per cent, of the cellulose had been destroyed. The
products of the fermentation were found to be carbon dioxide, hydro-

gen, volatile organic acids and minute quantities of the higher al-

cohols.

Whether bacilli identical w'ith B. amylohacter of Van Tieghem,

or the Bacillus of Om(?lianski, are found in all soils is a matter yet

to be determined, but it is believed that organisms w^ith similar

functions are present in abundance. Furthermore, whether these

bacteria decompose cellulose through their ability to secrete en-

zymes has also to be determined. DeBary in referring to B. amy-

lohacter says it decomposes cellulose forming dextrin and glucose,

and that it does so by disengaging an enzyme.

Although the experimental proof of this is lacking it is probable

that the assumption is true.

Baccillus mesentericus-mdgatus, a common soil species, has been

shown by Vigual^' to secrete: a cytase which dissolves the middle

lamella of vegetable cells.

There is therefore every reason to believe that numerous organ-

isms capable of fermenting cellulose exist in soil, and that they act

upon cellulose, like the higher fungi, through their ability to produce

cytase.

The action of cytase upon cellulose is to incite a chemical union

of water with cellulose, a process known as hydrolysis, and is an

action similar to that which takes place when cellulose is boiled in
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dilute acids. It consists in the conversion of the cellulose into

some form of sugar, which differs with the forms of cellulose acted

upon. These different forms of sugar are glucose, mannose, galac-

tose, zylcse and arabinose.

The pectoses, which have been found also to be important constitu-

ents of the cell wall, are under the action of cj-tase converted into

reducing sugars. The different forms of sugar are then acted upon
by other ferments and converted into organic acids.

This explains the common tendency of soils rich in vegetable mat-

ter to become acid, unless continued cultivation stimulates bacterial

growth sufficient to decompose these less readily decomposable or-

ganic acids into their final gaseous products, carbon dioxide and
marsh gas.

It has already been noted that all of the constituents of cell walls

do not undergo dissolution equally. Hence when vegetable tibre

undergoes fermentation in the soil there remains a residue which

for a longer time withstands the action of these ferments. This lat-

ter constitutes the great bulk of that heterogeneous material which

is called humus. Humus is, therefore, in the main, the product of the

incomplete decomposition of vegetable fibre.

4. The Fermentation of Carbohydrates.

The carbohydrates in vegetable tissues exist mainly in the form of

starch and sugar. In crops ordinarily used for green manuring they

constitute between 40 and 50 per cent, of the dry weight of the plant.

Starch is the most abundant carbohydrate of green crops, but sugar

exists in small amounts, usually a fraction of a per cent. However,

in fleshy root®, fruits, and in special cases, it may run much higher,

reaching a maximum in the beet and sugar-cane of 15 per cent.

Sugar exists in different vegetable tissues in three forms: as cane

sugar or saccharose, grape sugar or dextrose and fruit sugar or

levulose. In animal tissues and fluids the carbohydrates exist: as

glycogen, a modified starch, as dextrose, and in milk as milk sugar

or lactose.

Bacteria play an important role in the fermentation of carbohy-

drate, and those concerned in these processes are abundantly

present in all soils. The great majority of bacteria when growing in

media containing grape sugar, milk sugar or cane sugar produce

therein greater or less quantities of organic acids accompanied in

some cases by the evolution of gas.

These acids are lactic, acetic, butyric, formic, propionic^ valerianic

and succinic. When milk sours, lactic acid is produced at the ex-

pense of the milk sugar by certain bacteria normally present in the
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lluid. Fruit juices and infusions undergo an apparently spontaneous

fermentation, the sugar being converted into alcohol through the

agency of the yeast plant, with the subsequent conversion of the

alcohol into acetic acid.

Many bacteria are, howevur, capable of directly converting sugar

into one or more of the organic acid«, without the intervention of

alcohol; in fact, it may be said that the ability to convert sugar into

one or more of the organic acids is almost a universal property of

bacteria, although they vary among themselves as regards kinds and

quantities of acids produced.

In order to better understand the fermentation of the different

carbohydrate constituents of plants, it will be best to consider them

in turn.

(a) T/ie Conversion of Starch into Sugar. When seeds germinate,

a marked change takes place, the most notable of which is an altera-

tion and an eventual solution of the starch granules which fill the

cells. In proportion as the starch disappears there is a correspond-

ing increase in sugar. In the prejiaration of malt from barley the same
change takes place. The barley grains are allowed to sprout under

favorable conditions of heat and moisture, during which a consider-

able proportion of the insoluble starch, is converted into a soluble

sugar. If a quantity of this malt be steeped in water, especially if

the malt be macerated to a pulp, the greater portion of the sugar, a

part of the soluble starch and dextrine bodies and other extractive

matter pasiS into solution. If a portion of this extract of malt be al-

lowed to act upon starch it will be found to possess the powder of con-

verting the starch into sugar. Furthermore, if several volumes of

strong alcohol be added to a volume of the malt extract a whitish pre-

cipitate will be thrown down, which can be collected on a filter and
redissolved in a small quantity of water. If now this watery solu-

tion be allowed to again act upon starch, it will be found to possess

properties identical with that of the simple infusion.

Malt extract, therefore, contains a substance which is precipitated

by alcohol and which has the power of converting starch into sugar.

This substance is called diastase or amylase.

Diastase has an important function in relation to the nutrition of

plants. Plant food exists largely in the form of starch, but which
in this shape is of no use, since it is insoluble and therefore incapable

of being carried in solution to growing parts; in short, the starchy

food of the seed must be digested before it is available, and this di-

gestion is effected through the agency of diastase. Similarly, starch

is formed in the leaves and other green organs of the plant, but be-

fore it can be utilized as food it must be converted into sugar. To
effect this change diastase is present in all leaves and organs where
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starch is being elaborated. Many trees store up during the winter

reserve material in the form of starch which becomes food for un-

folding buds on the advent of spring. Thus Desbarres^* found in the

young wood of Bhus elegans 17.31 per cent, of starch during the

winter and only 1.57 in the spring.

The sugar maple yields in the early spring a sweetish sap which is

produced from the reserve starch accumulated in the wood during

the preceding fail.

Many roots and tubers are notable for their large content of

starch, which, in all biennial plants, serves as food for a second

season's growi:h. When potatoes sprout they draw largely upon the

starch of the tuber, and with the elongation of the sprouts we note

a dimunition of the starch and an increase of sugar. With this there

is an accumulation of diastase in the tuber at the points where the

sprouts originate.

In refering to the fermentation of cellulose, it was stated that it is

a common function of many enzymes, of which diastase is one, to ef-

fect the hydration of certain organic substances, or their union with

water.

The hydration, or conversion of starch into sugar, is a complex pro-

cess, not as yet altogether understood, but the two products of the

change are evidently maltose and dextrin. It can perhaps be ex-

pressed according to Musculus^^ by the following:

2 Ci2 H20 Oio H2 O C12 H22 On C12 H20 Oio
+ = + —

starch water maltose dextrin

Dextrin, which is a residual product of the partial hydration of

starch does not, however, remain as such, but is eventually converted

into maltose.

When vegetable materials are incorporated with the soil, it is not

likely that bacteria play a very important role in the conversion of

this contained starch into sugar. On the other hand the change is

likely brought about by diastases normally present in the plants

themselves, and the greater part of this transformation is effected

before bacteria have time to reach the starchy materials within the

cells. Thus in the decomposition of vegetable matter in the soil,

much at least of the fermentation of starch is a process quite inde-

jiendent of the action of bacterial life. This does not indicate, how-

ever, that certain bacteria and fungi are not capable of effecting this

change, in fact Fermi^ has shown that a considerable number of bac-

teria secrete diastatic enzymes, notably, Bacillus megathet'ium^

Bacillus, m •'• nt ri u -v}/ g us and B cHlus subtilis, forms com-

monly present in the soil; and it is likely that a residual portion of

unchanged starch may be acted upon by such organisms, though this
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statement will require experimental proof. It is also known that cer-

tain common moulds, for example, Pennicil'mm glaucum., Aspergil-

lus niger and Erotlum oryzae^ possess the power of converting starch

into sugar.

As already mentioned, the action of diastase upon starch consists

in its conversion into maltose and dextrin, but maltose has only a

temporary existence in the animal and plant organism, since it is

acted upon by another enzyme known as glucase^ which further

hydrolases the maltose converting it into glucose. Thus glucose

is the final product of the fermentation of starch.

Glucase is present in the digestive fluids of the human body. It

has been found in corn and malt, and in several species of fungi.

That it probably exists in association with diastase in plant tissues is

made probable by the fact that maltose as such is unable to nourish

growing cells.

(5) The Inversion of Cane Sugar.—When a solution of cane sugar is

boiled with a dilute acid it undergoes an hydrolysis by which it is

converted into glucose and levule-^i according to the equation.:

Ci2 H22 On H2 O Gi H12 0« Cs H12 0«
+ — +

cane sugar water glucose levulose

That the same change can be effected through the agency of an
enzyme has been known ever since the latter was first isolated from
yeast in ISGO by Berthelot.^^ This enzyme is known is invertin. It

has also been found in the intestinal juices of man and a number
of animals, and from various parts of plants as leaves, seeds, roots

and floral organs.

Cane sugar is found often in considerable amounts in plant tis-

sues, and yet as such it is of no direct use as a plant nutrient, but

must first be digested or converted into glucose. Thus the beet

may contain 15 per cent, of cane sugar. When, however, the latter is

drawn upon for the production of flowers and seeds during the second

year's growth it has been noted that its content of cane sugar gradu-

ally diminishes and glucose takes its place, the latter being traced

in its ascent from the root to the developing leaves and flowers.

Thus the presence of cane sugar in the plant implies the existence

at the same time of invertin. The first step therefore in the fermen-

tation of cane sugar is its conversion into glucose through the agency

of its associated invertin.

This change like the action of diastase is also one which takes place

in the soil independent, in a large measure at least, of bacterial

action.

According to Fermi^i and Montesano the production of invertin

enzymes by bacteria is uncommon, although certain prevalent soil
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species, such as Bacilhis megatherium, Bacillus fliiorescens-liquefa-

ciens and Bacillus vulgaris, are known to produce them.

The action of invertin is favored by the presence of small amounts

of acid; it is therefore likely that in the acid fermentation of plant

tissues and the normal presence of invertin ferments there is every

condition favorable for the conversion of all the cane sugar into

glucose independent of the action of bacteria or other micro-organ-

isms.

(c) Tlie Iermentation of Glucose.—From the foregoing statement

it has been seen that all of the carbohydrates mentioned are eventu-

ally converted into glucose mainly through the action of enzymes.

It is in this form that the}' are supplied to the various soil organ-

isms. Through their agency glucose is converted into the various

organic acids, into one or more of the alcohols, with or without the

evolution of gas in the form of carbon dioxide and hydrogen.

The great majority of bacteria possess greater or less power of

producing one or more of the organic acids from glucose, although

much work has yet to be done in determining the kinds of acids pro-

duced by different species. The following table shows the products

of the fermentation of glucose by a number of common bacteria:

Bacillus acidi-Iactici—acetic and lactic acids, traces of alcohol and

gas.

Bacillus aerogenes—acetic, lactic and succinic acids, alcohol, car-

bon dioxide and hydrogen.

Bacillus typhosus—lactic acid.

Bacillus coli—acetic, formic and lactic acids.

Bacillus prodigiosus—formic and succinic acids.

Bacillus butyricus Botkin—acetic, butyric, formic, propionic, lac-

tic, and succinic acids; butyl and ethyl alcohol, carbon dioxide and

hydrogen.

Bacillus amylozyma Perdrix—acetic and butyric acids, carbon

dioxide and hydrogen.

Cholera Micospira—lactic acid.

Micrococcus pyogenes—lactic and valerianic acids.

Streptococcus pyogenes—lactic and volatile organic acids.

The organic acids produced by the fermentation of glucose tend

to combine with any free base in the soil such as lime, soda, potash,

and, in a measure, to decompose carbonates. But where this base is

not present in sufficient quantity the free acids accumulate and the

scii becomes sour. Under active cultivation, however, the acids and

their salts undergo a still further fermentation whereby they are con-

verted into carbon dioxide and marsh gas (CHJ.

Thus cultivation has a tendency to overcome acidity by stimulating

the growth of those bacteria which destroy organic acids.
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(d) The Action of Oxidizing Enzymes in the Fermentation of Veg-

etable Matter.

It is a common phenomenon that where grass or green hay is made

into a pile the interior will begin to ferment, and with this there

will be a considerable rise of temperature. A similar process goes

on in the manure heap, and another when green fodder is packed in

the silo.

In the silo the temperature in the center of the fermenting mass

may rise as high as 150 degrees F. With this fermentation there is a

considerable loss of organic matter which may vary from 4 to 40 per

cent. The temperature as well as the loss of material in the silo

is dependent upon the amount of air, or more properly the oxygen

present, and this depends upon the looseness or density of the pack-

ing. The change is manifestly one of combustion due to the ab-

sorption of oxygen, and the products of this change are the same

as those evolved in any other combustive process, i. e., carbon

dioxide and water. Furthermore, the amount of carbon dioxide

evolved is a measure of the degree of combustion and of the organic

matter consumed, as well as of the heat produced.

Formerly it was supposed that the fermentation of silage was due

to the agency of bacteria, but now it is believed to be simply an ex-

pression of the vital energies of the plant cells. All vital energy

manifests itself in the production of heat; this heat is the result of

oxidation, or the actual burning or destruction of a portion of the

vital substance. Yeast when massed into a heap shows a rise of

temperature due to its vital energies. This rise takes place only

in the pres^ence of oxygen or air, and in a vacuum no such increase

of temperature occurs. The germination of seed is accompanied

by a rise of temperature, and oxygen is necessary to the process.

The animal body gives off heat and the air we breathe is the

draught for this ever consuming fire within, while the carbon dioxide

exhaled is a measure of the rapidity of this combustion process.

In a similar manner plants evolve heat and their substance is, in a

measure, oxidized or burned to supply this heat, a portion of which is

converted into the vital energies of the plant.

Respiration is the breathing-in of air and the breathing-out of

the gaseous products of combustion. This takes place in both

animals and plants, nnd heat is the result. Hence when green vege-

table matter composed of living cells is massed together these pro-

cesses of respiration will continue for a time, and heat is the re-

sult. When such matter is massed together the heat evolved can

not readily escape, and a considerable elevation of temperature is the

result.
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But the question may be asked', what causes the oxygea of the air

to combine with the elements of organic matter whereby this com-

bustion is affected. Under ordinary conditions oxygen has no af-

finity for organic carbon. Something must be present to stimulate

this combination.

We have already found how water is made to combine with certain

organic compounds through the agency of special enzymes, so in ac-

cordance with this it has recently been shown that a number of oxy-

dation processes can be effected through the agency of another class

of enzymes known as oxydases.

It has been already noted that yeast when in mass developes a

rise of temperature, and it has generally been assumed that this is

due to the respiratory activities of the cells, but it has recently been

shown that there can be extracted from the yeast cells, independent

of the cells themselves, a substance which has the power of oxidizing

glycogen with a perceptible increase of temperature.

Thus it appears not to be the vital protoplasm of the cell but some
substance w^hich can be extracted therefrom which possesses the

power of oxidizing organic matter with the production of heat. This

active substance is an oxidizing enzyme.

It is now quite generally believed that oxidizing enzymes are

quite generally distributed throughout vegetable tissues, and that

they occur dissolved within the fluids of the cells.

In the presence of oxygen they cause a union of the latter with

carbon, carbon dioxide being evolved. Thus it may be considered

at least a working hypothesis that all processes of respiration are as-

sociated with the activities of oxidizing enzymes.

When green fodder is cut and placed in the silo, cells previously

protected from the air are exposed, and the combined action of the air

and the liberated oxidizing enzymes results in a rapid oxidation with

loss of substance.

When fruits are cut open their exposed surfaces turn dark, due to

the combined action of contained oxidizing enzymes and the atmos-

phere.

Besides the ordinary gaseous products of oxidation, it has been

shown that oxidizing enzymes may produce certain by-products,

notably the organic acids. Thus ensilage may become sour without

a trace of bacterial fermentation.

Fresh olives when placed in heaps ferment. With this there is

an increase of temperature, a liberation of carbon dioxide, and the

formation of acetic and other fatty acids. Talomei shows this fer-

mentation to be due to a special oxidizing enzyme which he called

When green crops are plowed under their tissues continue to

undergo an oxidation or respiratory process similar to that which
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takes place in silage. The carbohydrates are mainly attacked with a

certain loss of substance, the evolution of carbon dioxide and prob-

ably the produclion of organic acids. This process, however, does

not continue long but is succeeded by the ordinary bacterial fermenta-

tion already stated.

5. The Decomposition of Proteid Matter.

Proteid matter is a valuable source of plant food because of its

contained nitrogen. This nitrogen before it can be easily assimilated

by the plant must be converted into the condition of nitrate. The

stages leading up to the production of nitrates are:

1st. Putrefaction or the conversion of proteid matter into am-

monia (ammonification).

2d. The oxydation of ammonia to nitrites, the first stage of nitrifi-

cation, and,

3d. The oxidation of nitrites to nitrates, the final stage of nitrifi-

cation.

These processes will be considered in turn.

(a) Putrefaction and Ammonification.

Liebig^^ and the older investigators considered putrefaction a

chemical process, the final products of which were carbon dioxide,

w'ater and ammonia.

In 1837 V. Schwann made the important discovery that fermenta-

tion and putrefaction germs were invariably found in the atmos-

phere, and it was left to Pasteur and his co-laborers to demonstrate

finally that putrefaction was due to the agency of micro-organisms.

Since the early discoveries of Pasteur it has been shown that a

great variety- af bacteria found in soil, water and organically pol-

luted fluids are capable of effecting the decomposition of albuminous

or proteid matter.

The first step in the change is the conversion of insoluble pro-

teids into soluble peptones, a process similar to that which takes

I»lace in the stomach. The liquefaction, or as it is called, the pep-

tonization of proteids is effected through the ability of the bacteria

to secrete an enzyme of the nature of animal trypsin. All bacteria

which liquefy gelatin have peptonizing properties to a greater or

less degree, and hence the power of converting proteids into pep-

tones. Liquefying bacteria are abundantly present in all soils, hence

the vital agcnciesi are there at work which cause a rapid peptoniza-

tion of all proteid bodies.

The next step in the process is the conversion of peptones into

amido-acids and basic amines.

21
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The following is a list, after Rideal,^ of the amido acids which
have been found as products of the putrefaction of proteids:

The amido acids are next decomposed into ammonia and organic

acids as shown in the last column of the above table. Tyrosin

breaks into indol, phenol and skatol.

Of the basic products of putrefaction we have non-volatile bases

known as ptomaines and leucomaines, produced in minute quanti-

ties, and certain volatile bases such as monomethylamine and tri-

methylamine. These latter basic products by further decoipposi-

tion are converted into ammonia.

From the preceding it is seen that the final products of putrefac-

tive fermentation are ammonia and organic acids. Naturally the

organic acids will combine with the ammonia to form salts, but these

salts will undergo a still further change in which the acid is con-

verted into carbon dioxide, hydrogen and marsh gas. The two latter

escape while the carbon dioxide combines with the ammonia to form

carbonate of ammonia. This completes the process, the proteid

matter resolving itself into two gases, hydrogen and marsh gas,

with a solid residium in the form of ammonium carbonate.

Theoretically this is true, but in reality there remains as a "by-

product" of these reactions, as Rideal puts it, "a varying but small

quantity of dark pulverent matter resembling the humus or peaty

substances of soil."

In addition to this it is known that under certain conditions of ex-

clusion of air, and of the development of the more strongly anae-

robic bacteria, a certain amount of the nitrogen escapes in the free

state before it is converted into ammonia. While this takes place in

putrefying fluids such as sewage it probably does not occur to any

appreciable degree in soils.

According to Sommaruga, aerobic bacteria growing in non-sac-

charine nutrient media always form an alkali from albuminous

bodies. These alkaline bodies so far as known are either ammonia
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or amides, which in part become converted into ammonia. Thus
it may be said that ammonia production is almost a universal func-

tion of bacteria.

In the following table is shown the production of ammonia by

several common species of soil bacteria grown in beef broth at room
temperature:

Table III.

Milligrams of NH
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the experimental fields of Rotliamsted contained more nitrates as the

amount of ammonium salts applied to the soil increased.

In 1878 Messrs. Schlosing and Miintz^'' laid before the French

Academy the results of an experiment tending to prove that nitrilica-

tion was due to the action of an organized ferment. A glass tube

one meter long was filled with ignited quartz sand and powdered

limestone. Through this sewage was passed at intervals. During

the first twenty days the sewage which passed the filter remained

unaltered, after which nitric acid began to appear until the filtrate

no longer contained any ammonium salt, but only nitrates. Thus it

was shown that active nitrification was going on within the body

of the filter, and it was suspected that micro-organisms so abund-

antly present in the same were the active agents of the change.

To demonstrate this point, chloroform vapor, a well-known germi-

cide, was passed through the filter; as a result it was found that ten

days after the introduction of the vapor all nitrates had disappeared,

and the sewage passed through unchanged. In other words, the

chloroform vapor had so paralyzed the micro-organisms present as

to completely check the process of nitrification.

Messrs, Schlosing and' Miintz were, however, unable to isolate any

specific ferment capable of inducing nitrification, and nothing was

accomplished toward this end until the year 1886. Celli-Zucco^^ and

Heraeus^^ at this time succeeded in isolating from water rich in

nitrates a number of forms of bacteria, which, however, only pos-

sessed very feeble nitrifying properties.

Frank-^ simultaneously with the latter attempted a similar isola-

tion of the nitrifying organism, but without result, and concluded

that nitrification was not due to the direct action of bacteria, but

that it was a purely chemical process. This view was opposed by a

number of writers, notably, Landolt, Piatt and Baumann.^^

In 1888-89 Warrington^*^ and also Frankland^^ studied a large num-

ber of soil bacteria, but neither was able to find one which produced

any thing approaching active nitrification. Frankland maintained,

however, that the nitrifying organism was present, but had not been

isolated.

In 1890 Frankland^^ succeeded in cultivating a spherical (coccoid)

organism about 0.8 micromillimeters in diameter, which possessed

the power of converting ammonium salts into nitrous, but not into

nitric acid. The separation was by means of the dilution method

in media containing only inorganic salts. In this the form in ques-

tion grew most successfully.

This fact, and other points in the investigation of Frankland, at

once revealed the important principle that the organism of nitrifica-

tion does not grow normally in media rich in organic matter, and

that, therefore, the ordinary method of separation by means of
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gelatin plales was inapplicable for the isolation of the specific ni-

trifying agent.

In the same year an identical principle was discovered and pat

into practice by Winogradsky '^ who succeeded in separating the nitri-

fying ferment by using a purely inorganic medium containing:

Water of Lake Zurich, 1000 cc.

Ammonium sulphate, 1 grm.

Potassium phosphate, 1 grm.

Basic carbonate of magnesia, an excess.

In this solution nitrification became very active, when previously

inoculated with a small quantity of soil.

By a long series of fractional cultures one was finally obtained

which contained but fev»^ bacteria except the nitrifying organism.

From this somewhat impure culture, gelatin plates were made. On
the principle that the foreign non-nitrifying organisms grow in gela-

tin while the nitrifying bacteria do not, an indirect method of isola-

tion was utilized.

In the portions of the gelatin between the colonies of non-nitri-

fying bacteria the nitrifying organisms would be liable to be present

in a pure state, but unable to produce colonies because of uncongenial

soil. By removing bits of this apparently sterile gelatin a few nitri-

fying organisms, unmixed with others could be transferred to a favor-

able solution like the one already given. In this way Winogradsky
was able to isolate the nitrifying organism.

Later, in 1891, Warrington,^^ in a solution containing mineral salts,

obtained, after repeated generation, a culture which nitrified vigor-

ously, and which, by containing no organism which would grow on

gelatin, was regarded by him as containing onh' nitrifying bacteria.

The germ thus obtained was an oval form seldom one micromillimeter

thick and scarcely longer than broad.

At this time Winogradsky^^ made a decided improvement in the

separation of the nitrifying organism from solutions containing it

by the use of the Kiihne gelatin silica medium.^^ The nutrient baeia

of this medium as used by Wirogradsky was composed of: ammo-
nium sulphate, 0.41 gram, magnesium sulphate, 0.05 grm., potassium

phosphate, 0.10 grm., sodium carbonate, 0.6-0.9 grm., calcium

chloride a trace, and water 100 cc.

The inoculation of the plates took place either by mixing the in-

oculating material with the above solution before the addition of

gelatinous silica, or it w^as made as a streak or smear culture on the

already hardened material. In this way the nitrifying organisms de-

veloped distinct colonies from which pure cultures were made.

The investigations of Winogradsky and simultaneously of War-
rington showed:

22—G—1902
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1. That ill the soil the nitrifying process was ettected by two dis

tinct but closely related organisms; the one converting ammonia into

nitrous acid and nitrate, and the other changing the nitrites into

nitrates.

2. That these two processes follow one another in such rapid suc-

cession that the production of nitrites is only a transitory phe-

nomenon, so that if both the nitrite and nitrate organism be added
to sterilized soil the process is completed in the natural way, only the

merest traces of nitrous acid appearing.

The nitrate organism of Wiuogradsky is an oval form about 0.5

micromillimetres in length. The nitrite germ varies from oval to

spherical and is about twice the size of the former. See Figs. 5 and 6.

If to a mineral solution containing ammonium salts, a pure cul-

ture of nitrite ferment be added, only nitrites will be formed, and
these will remain unchanged in the absence of the second nitric fer-

ment. If, how^ever, the two organisms be added simultaneously,

nitrates will be rapidly formed.

In 1892, Winogradsky^^ studied the nitrifying organisms of soil,

from a number of different localities. Those from several parts of

Europe, from Africa, and from Japan, which he considers to be the

same organism, he names Nitromonas europea; a second form

from Java soil, differing from the first he names N. javenensis.

Both of these comprise the nitrite ferments of Wiuogi'adsky; the

second nitrate ferment was isolated by Winogradsky from Quito soil

and differs from the first not only as to size, as above mentioned,

but also by entirely lacking the motility common to the latter.

The notable researches of Winogradsky have been followed by

others which have interest from a controversial standpoint.

In 1895 Burri and Stutzer^^ isolated from soil a nitrate organism

with properties akin to the Quito bacillus of Winogradsky. It was
a motile organism, 0.75-1.5x0.5 micromillimeters, growing on silica

plates in definite colonies, but also possessing the power to grow on

gelatin and to liquefy the medium; said organism according to the

writer being able to convert nitrites into nitrates, but losing such

power when grown on organic media.

The above results of Burri and Stutzer, so contrary to those of

AVinogradsky, brought forth a vigorous rejoinder from the latter.

In this Winogradsky stated that he tested the same earth used by

Burri and Stutzer and isolated therefrom his own Nitromonas, and

that the latter w^hen tested in bouillon, meat pepton, gelatin and
agar failed to grow. He therefore regards the German work as er-

roneous.

In 1897 Stutzer and Hartleb*" appeared with a still more startling

series of discoveries in which they not only maintained the ability of

the nitrifying organisms to grow in orcranic media, but also showed



Fig. 5.—The Nitrite Oryanism of Winog^radsky,
isolated from Quito earth. Converts ammonium salts

into nitrites, the first stage of nitrification. (After

"^'inogradskj' : Ann de 1' Institut Pasteur, 1891, Plate
XVIII.

)
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Fig 6.—The Nitrate Org-anism of Winogradsky,
isolated from Quito earth. Converts nitrites into

nitrates—the second stag^e of nitrification. (After Wino-
gradsky : Ann. de 1' Institut Pasteur, 1891, Plate

XVIII. )
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that the latter possessed a polymorphic habit never before imagined

in this or any other like group in the whole domain of mycology.

The ability of simple eoccoid or rod-shaped forms to develop into

filaments or even into branched forms, with the further production of

true gonidia and other even more highly organized fructification

bodies, is a species of morphological transcendentalism likely to

cause skepticism.

I will not enter into the details of Stutzer and Hartleb's investi-

gations, as I think we should await further researches before giving

them credence. It is easy to believe that the latters culture, which

they claimed to be those of the organism of nitrification, were in

reality impure, and that in the variable forms described by them they

were in reality dealing with several distinct organisms instead of one.

That this seems true is indicated by the investigations of Gartner^^

and Fraenkel^- during the present year.

Gartner discusses the work of Burri, Stutzer and Hartleb on the

polymorphism of the nitrifying organism, and from presumably pure

cultures of the latter's nitrifying ferment was able to isolate thirteen

different micro-organisms, including a fungus form (Schimmelpilz);

thus proving their impure character. Furthermore, Gartner showed

that these several organisms, when once separated in their pure state,

retained their fixed character, with no tendency to polymorphism, and

indicated none of those transition stages from bacteria to fungi noted

by Stutzer. Again none of these isolated organisms possessed the

power to convert ammonia into nitrites. C. Fraenkel simultaneously

isolated from Burri and Stutzer's cultures II different organisms,

including 7 bacilli, 2 streptothrices and 2 fungi (a Fadenpilz and a

Schimmelpilz). These showed no polymorphism, but all retained

constant characters.

From what has been written there is reason to believe:

1. That nitrification in the soil is caused by a distinct or rather by

two distinct organisms possessing certain definite characters.

2. That these organisms will not grow in the presence of any con-

siderable amount of organic matter, and that all reported attempts

to cultivate them on ordinary organic media are without authentica-

tion.

3. That the above nitrifying organisms are found abundantly in.

all cultivated soils, and that in ordinary soil water containing, be-

sides mineral salts, a due proportion of ammonium carbonate, sul-

phate, etc., they find a favorable medium for their development.

4. That the result of such development is: (a) The conversion of

ammonia into nitrous acids through the agency of the nitrous organ-

ism; and (b), the immediate conversion of the previous nitrous into

nitric acid by means of the equally abundant nitric ferment.

Understanding, therefore, that these two stages of nitrification are
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due to definite organisms in the soil, the laws which control nitrifica-

tion are simply the laws which control the life and development of

said organisms.

If a soil be wet with a one per mille solution of bichloride of

mercury, no nitrification can take place; firstly, because the mercury

compound has destroyed the life of all nitrifying as well as other

organisms, and secondly, because the presence of such a salt in the

soil will prohibit the development of all nitrifying ferments which

come after.

Again, if a soil be heated above a certain temperature, all nitri-

fying ferments will be destroyed and nitrification will cease.

Chloroform, formaldehyde gas, sulphurous acid gas, etc., passed

through a layer of soil will, on the same principle, prevent further

nitrification.

These, however, are all agencies implying the total destruction of

the nitrifying ferments. In addition to these there are certain con-

ditions which, while they do not annihilate the life of the nitrifying

organism, are yet either favorable or unfavorable to their normal

development. These conditions the agriculturist must understand,

in order to control the nitrifying process in the soil.

(c.) Conditions Afecting Nitrification.

Quantity of Organic Matter or Humus ^V^ the Soil.

It has already been stated that the nitrifying organism will not

grow in a medium containing any considerable amount of soluble

organic matter.

When sewage is applied to land nitrification cannot, therefore,

begin until after the ordinary putrefying and ammonifying bacteria

have decomposed much of the organic matter and rendered the soil

water a fit pabulum for the development of nitrifying ferments.

In a 12 per cent, solution of urine, according to Warrington,^^ nitri-

fication did not begin until about ninety days, and then only after

447 milligrams of ammonia per litre had been produced by the de-

composition of the organic matter present.

For this reason sewage when applied to land should be used

cautiously and not too frequently, otherwise the soil will become so

rich in soluble organic matter as to hinder nitrification and thus

render the large accessions of nitrogenous food useless.

Thus a soil too rich in humus is an unfavorable nitrifying ground

up to the limit when nitrification ceases. Just what this limit is, is as

yet unknown. Wiley^^ mentions a soil from Florida containing over

80 per cent, of organic matter, and less than 10 per cent, of sand and

other mineral matter, which was found to be entirely free from nitri-
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fyiug ferments. In ordinary arable land, however, the quantity

of organic matter, or humus, never reaches a height sufficient to

interfere with the process of nitrification, and hence only in rare ex-

ceptions does this factor enter into the question of nitrification.

Aeration and Cultivation.

The nitrifying ferments are what are technically called aerobic,

that is, they grow only in the presence of atmospheric air.

Schlosing^^ has determined the rate of nitrilication in a moist

soil in an atmosphere containing various proportions of oxygen as

follows:

1. When oxygen was entirely absent there was a reduction of

nitrates and an evolution of free nitrogen.

2. With 1.5 per cent, of oxygen nitrihcation was marked.

3. With 6 per cent, of oxygen the quantity of nitrate produced

was more than double the above (2).

4. With 16-24 per cent, of oxygen the quantity of nitrate produced

was more than four times that in (2).

The effect of stirring and pulverizing the soil upon the growth of

cro})s has long been known, and long before the philosophy of the

operation itself was in any wise understood.

Among other reasons why cultivation is beneficial is the fact that

it aids nitrification by bringing the oxygen of the air into more
immediate contact with the nitrifying ferments. The effect of stir-

ring and pulverizing the soil is well shown in an experiment by

Deheraine.^^

Six pots filled with soil, which had remained undisturbed for two
years, were selected. Three of the pots had their soil emptied on a

clean floor in separate piles, and each lot was kept stirred and pul-

verized from time to time for a period of six v>'eeks. In three of the

pots the soil remained untouched. At the end of the period the

nitrates in the several soils were determined, when it was found

that the average percentage of nitrates in the three stirred and pul-

verized soils was 23.7 times that found in the soils which had re-

mained undisturbed in the pots. While it is not presumed that

ordinary farm cultivation will produce as marked results as the pre-

ceding experiments indicate, it is,nevertheless, clear that the effect of

cultivation is to markedly increase nitrification, and in a ratio pro-

portionate to its thoroughness and frequency.

In this principle we have the explanation of why the late culti-

vation of orchards is inadvisable. Nitrification is more active in

autumn than at any other time. This activity would be increased

enormously by cultivation, resulting in the production of large
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stores of nitrates, the bulk of which would be washed out of the

soil by the winter and early spring precipitation.

The Presence of Moisture.

Bacteria of all kinds, including the nitrifying organisms, grow

only in the presence of moisture. Soil waters, containing dissolved

mineral salts and ammonium compounds, are, therefore, the natural

media in which the nitrifying ferments develop.

In a dry soil nitrification cannot take place; hence in periods of

drouth, where the superficial layers of the soil for a depth of several

inches become dry, nitrification is suspended. On the other hand, ex-

cess of water prevents nitrification by excluding air, hence water-

logged soils must first be drained before they become proper nitri-

fying beds. In a wet soil not only is nitrification inactive or en-

tirely suspended, but the opposite process of denitrificatlon takes

place with the loss of nitrogen in the free gaseous condition.

A soil may be in good condition in its superficial layers, but have

an impervious clayey subsoil, which retains the downward drainage;

or a still deeper layer of clay may raise the level of ground water so

near the surface as to render the subsoil wet. In either case the

deeper zones of the soil become too damp for active nitrification, so

that this process instead of being carried on from the surface to a

depth of about 27-36 inches is confined to a more superficial zone;

the elaboration of much valuable plant food is thereby prevented.

The functions of underdrains is thus not only to withdraw the

excess of subsoil water, but also by the downward movement of the

same to draw air into the soil and thus supply oxygen to the nitri-

fying ferments.

The Reaction of the Soil.

Nitrification can only take place in a feebly alkaline medium, but

the presence of anything beyond a small quantity of an alkaline salt

is a hinderance to the process, while a large amount will check it en-

tirely. Thus Warrington''^ showed that the presence of 0.032 per

cent, of bicarbonate of soda distinctly retarded nitrification, and

that with the presence of 0.09G per cent, nitrification was only barely

possible. The same author also showed that the presence of 0.0447

per cent, of ammonia in urine rendered it unnitrifiable. Dumont*^

and Crochetelle showed that carbonate of potash added to soil at the

rate of from 1 to 2.5 grams per 1000 grams of soil markedly increased

nitrification, but that large applications of the salt progressively di-

minished the rate of nitrification, and that the addition of 8 grams
per 1000 grams of soil completely checked it.

A heavy dose of lime by unduly inoreasing the alkalinity of the
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soil may at first check or suspend nitrification until the said lime

lias been converted into carbonate. This, however, takes place rapid-

ly, diminishing in turn its strong alkaline properties and permitting

nitrification to commence more actively than before.

Equally unfavorable to nitrification is an acid condition of the soil.

The extreme susceptibility of the nitrifying organism to acid is

shown by the researches of Wiley and Ewell.''^ In the experiments

of the latter, solutions containing calcium chloride and w'ater were

seeded with soil, containing of course nitrifying bacteria. In this

medium nitrification continued until the medium reached an acidity

equivalent to 4 c. c. of normal acid per 100.

It is a well known fact that nitrification has practically ceased

in forest and woodland soils. The same is true, but to a lesser de-

gree, in the soil of old pastures. That such cessation of nitrification

is not due to the absence of nitrifying bacteria is shown by the fact

that such soils begin to nitrify rapidly upon the addition of some base

which overcomes the acidity.

In the experiment of Dumont and Crochetelle, already referred to,

a soil which had been in grass from time immemorial and contained

6.84 per cent, of humus w'as treated with variable amounts of car-

bonate of potash. It w^as stirred and watered several times dur-

ing the experiment. After one month the nitrates were extracted

with the following results: Nitric nitrogen, per 1000 grams of soil,

without addition of carbonate of potash, 70 mg; with 1 gram of

carbonate of potash per 1000 grams of soil, 160 mg; with 2 grams of

carbonate of potash, 230 grams; with 3 grams, 250 mg; with 4

grams, 130 mg; with 5 grams, 73 mg.

In an experiment with marsh land containing 5.76 per cent, of

humus similar results were obtained, showing that while in the

original soil nitrification was practically nil, the addition of car-

bonate of potash resulted in active nitrification.

Too great a degree of alkalinity, as has been already seen retards

or entirely checks nitrification.

In a too concentrated solution of urine, the nitrifying process is

hindered after a certain time by the accumulation of ammonium
carbonate which is being produced by the ammonifying bacteria at a

more rapid rate than the oxidation of the ammonia to nitric acid.

This is the condition of most stable manures in bulk or before they

become intimately mixed through the soil.

The addition of lime to stable manure in a state of ammoniacal

fermentation would only still further hinder their nitrification by

increasing alkalinity, and would also drive oflf much valuable am-

monia. Lime added to fresh manure before ammonium carbonate

has been produced will not cause the above loss of free ammonia,
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but it will hasten the ammoniacal fermentation so rapidly that

nitritication will soon cease.

Both ammonilication and nitrification can be made active in a

manure heap, when not too closely compacted, or in a soil freshly

and heavily dressed with manure, by the use of plaster. Plaster acts

by decomposing the excess of ammonium carbonate as fast as formed,

producing in turn non-volatile ammonium sulphate, and calcium

carbonate (chalk); the latter compound serving as a mild base whose

presence is favorable to nitrification.

The loss of ammonia from manure piles is not considerable as long

as the latter are kept moist or well compacted. When manure be-

comes dry, or when the latter is forked over or otherwise kept too

loose, a considerable loss of ammonia will result. So far as the

loss of ammonia alone is concerned, the application of plaster

may not be necessary, but if the latter be spread over the pile

with each considerable addition of manure from the stable,

its presence w'ill materially aid in the ammouification and nitrifi-

cation of the same and make it a more active stimulant when applied

to the land.

Temperature of the Soil.

Experience at Rothamsted in England shows that nitrification

takes place quite freely in the soil during an ordinary English

winter. Warrington^^ in one series of laboratory experiments showed

a considerable rate of nitrification in solutions kept at the tempera-

ture of 37 and 39 degrees F.

According to Schlosing and Miintz, nitrification becomes active

at 54 degrees F. and rapidly increases up to 99 degrees F., at which

point it is nearly ten times as rapid as at 54 degrees. Above 99 de-

grees the rate of nitrification rapidly diminishes; at 122 degrees F.,

very little nitrate is produced, and at 131 degrees F., it ceases en-

tirely.

The Physical Condition of the Soil.

Schlosing has shown that nitrification and microbic combustion

in general are less active in fine-grained compact soils than in lighter

coarse-grained soils.

A certain proportion of clay and sand appears to be most favor-

able for a maximum rate of oxidation. In the experiment of Schlos-

ing equal amounts of ammonium sulphate were applied to equal quan-

tities of artificial soil in pots, and the nitrates determined at the end

of certain periods; from this the percentage of the ammonium salt

which was converted into nitric acid was determined as given in the

following table:
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Table IV.

:;tionofSoiL -Hi

sS-

5 E"'

N: : : ' S
Soil No. 2. J'i H 94

Sen xo. a.

Sell Xo. 4,

S'3ii Xo. 5,

Sou Xqs. S.

Soa Xo. 7.

ScU Xo. S,

Sea Xo. ?,

Sou Xo. 1?.

S-il X-. 1'
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Table V.

Source of Soil.
o.
M
1>

*0 OQ

Rothamsted soil, first 9 Inches
Do. with ammonium chloride added,

Manitoba soils, Lawes and Gilbert
Soil. Deh6rain,

0.5S8
0.944
0.700
0.76-1.09

119
119

235

90

Tlie large quantities of nitrates produced in the rich Manitoba

soils is due to the relatively large amounts of humus which they

contain; the figures for the Rothamsted soil in the same table will,

therefore, represent a more normal and average condition.

More detailed figures regarding rates of nitrification are given in

Table VI^^ for one of the poorest of the Manitoba soils.

Table VI.

Depths—Inches.

Nltrog-en as Nitric Acid Produced per Day
During Different Periods of Exposure,
in Pounds, Per Acre.

Periods of Exposure.
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vided samples from this depth are brought under conditions favor-

able for nitrification.

3. That at depths greater than 36 inches the proportion of nitrates

which can be found is small.

The large quantities of nitrates produced in 285 days, calculated

as 335 pounds per acre, in terms of nitric nitrogen, show that our

soils when brought under the most favorable conditions for nitrifica-

tion can be made to produce nitrates at a rate far in excess of the

needs of the most exacting crops.

Again, the small proportion of nitrogen converted into nitric acid

in a single year, as compared with the total nitrogen of the soil, as

shown in the last column of Table VI, demonstrates, furthermore,

that virgin soil will at least become abundant sources of nitrogen to

growing crops for scores of years.

The question of nitrogen supply in even ordinary soils becomes,

therefore, a question of controlling nitrification and of conserving the

supplies of nitrates produced by nature. It is not to be supposed,

however, that anything like the supplies of nitrates obtained in the

preceding experiments can be realized by ordinary tillage to the

depths indicated. The production of an amount of nitric nitrogen

in any wise approaching 335 pounds to the acre is, therefore, not

to be expected. Were it so nature would be most w^asteful in her

operations, a charge which can never be truthfully brought against

her.

A crop of wheat at the rate of 15 bushels of grain per acre will

require something like 24 pounds of nitrogen; therefore to produce

normal crops the economy of nature would demand that amounts of

nitric nitrogen comparable to the actual needs of crops should be

produced. This would be true to an approximate degree, provided

the roots had complete possession of the land, down to the lower

limits of nitrification, and also provided such crops had possession

of the land during every month of the year.

In the case of wheat for instance, neither condition holds and con-

sequently the crop being unable at all times to utilize nitrates as

fast as they are produced, there must needs be considerable loss.

The fact that the drainage waters from unmanured wheat fields

show an amount of nitric nitrogen approximately equal to that used

by the crop is an indication that there is produced in the soil each
year a stock of nitrates more than double in quantity that which the

crop itself can utilize.

The relation between the quantity of nitrogen removed by a crop

and that present in the drainage water is brought out in the follow-

ing Table VII by Lawes and Gilbert. The figures show (1) the num-
ber of pounds of nitrogen per acre in crop and in drainage water;
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(2) the number of parts of nitrogen in crop and in drainage compared

with 100 parts in the manure. These last figures are given in black-

faced type. The figures in the last column give the amounts of ni-

trogen unaccounted for, the plus sign indicating a gain of nitrogen

and the minus sign a loss of nitrogen over that contained in the

manure.
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The preceding table shows from 50 parts of nitrogen in the drain-

age as compared with 61.3 parts in the crop up to 67 parts in the

drainage as compared with 37.2 parts in the crop.

The table also shows that in the case of wheat the greater pro-

portion of the nitrates in the soil are either beyond the reach of the

roots, or what is more probable, that they are washed out of the

soil at that season, fall or winter, when the wheat has but limited

capacity of absorbing them. For this reason wheat is shown to be

one of the most exhaustive of all farm crops as regards nitrogen sup-

ply. That no such proportionate loss of nitrates occurs with other

crops, like grass and clover, which cover the ground especially during

the fall and winter months is shown by numerous figures, some of

which will be considered under the head of loss of nitrates.

(e.) Losses of Nitrates.

Relation to Rainfall and Percolation.

titrates are easily leached out of the soil and carried into the

drainage. In a highly porous, sandy soil free of vegetation, the

greater proportion of the annual rainfall, 80 per cent, more or less,

will pass downward through the soil and appear as drainage.

In land covered with a sod a much less percentage, about one-

third of the rainfall, may pass off as drainage, the remainder being

evaporated or thrown off by the plants in transpiration.

In a plot of fallow ground at Kothamsted^^ for a period of 28 years

the annual average outflow of drainage was 11.76 inches and the

average rainfall for the same period 28.3 inches, making the average

percentage of drainage 41.5 per cent, of that of the rainfall.

The action of vegetation in preventing an excessive outflow of

drainage is most evident during the months of maximum growth.

May to September, as the following figures by Greav(>s and Evans"
indicate:
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Table VIII.

Off. Doc.

Nitrogen as Nitrates in Drainage Waters, Broadwalk Field at Dif-

erent Seasons. Average of three Years in parts Per Million of

Drainage Water.

o

«-l
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nitrates, is diminished by vegetation; hence in fallow land the loss of

nitrates is greater than in land covered with plant growth.

Thus from an immaniired field at Rothamsted, kept fallow and free

of weeds, the loss of nitric nitrogen per acre per annum was for three

successive years 38.9, 48.3 and 27.4 pounds respectively, while from

an experimental wheat field at the same place the similar loss, as an

average of 19 years, was in one case 9.1 and in the other 11.9 pounds

per acre^^ per annum.

The Efect of Mineral Fertilizers on the Loss of Nitrates and on

Nitrification.

I have already mentioned the effect of lime and plaster on nitrifica-

tion; still another point needs mention.

The nitrifying organism cannot multiply except in the presence,

among other elements, of phosphoric acid and potash. Nitrification

is, accordingly, aided by applications of mineral fertilizers.

The effect of potash salts alone, or of potash salts mixed with car-

bonate of lime, in increasing nitrification and ammonification in soils

rich in humus, has been shown by Dumont.^^ In soils differently

treated the amount of nitric nitrogen produced in 1000 grams of soil

in 40 days was in milligrams as follows:

Check, 2.8

Potassium carbonate, 0.1 per cent., 57.8

Unleached ashes, 0.5 per cent., 19.0

Muriate of potash, 0.1 per cent., and carbonate of lime, 2

per cent., 38 .

Muriate of potash, 0.1 per cent., and Thomas slag, 5 per

cent., 41.5

Carbonate of lime, 2 per cent., 5.3

From the preceding it is seen that a marked increase of nitrates

resulted when some form of potash was used. In the mixture of

muriate of potash and carbonate of lime, a double reaction between

the two took place, producing carbonate of potash and chloride of

calcium. The author claims that the action of the potash salts is to

combine with the humates of the soil and form a compound which is

very readily nitrifiable.

Again, the ability of a crop to utilize the nitrates of the soil is

considerably diminished when there is a deficiency of available

mineral constituents, especially of potash and phosphoric acid.

The effect of mineral salts upon nitrification and the loss of nitrates

is well shown in the following table:"'

2:{_.;. -1902
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Table IX.

Off. Doc.

!Nitrogea as Nitrates ia Soil and Subsoil and in the Drainage Water
of Various Plots in the Broadwalk Wheat Field, in Pounds Per

Acre.

Plot.

Nitric Nitrogen In the Soil-
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The losses of nitrate in a wheat field, or on fallow ground are there-

fore greater during the fall and winter months; and least during the

summer months.

The increased loss of nitrates in a wheat field during the fall and
winter months is due to a combination of causes:

1. Diminished evaporation and increased drainage.

2. The accumulation of nitrates in the soil during the summer
months beyond the needs of the plants, which are washed out of the

same during the fall and winter, and
3. The inability of wheat at this season to utilize the soil water

and prevent excessive percolation.

These considerations teach a most important principle, i. e,, that

ground should be kept in some crop as much of the time as possible

especially during the fall and winter. The growth of wheat as one

crop in a system of rotation is of course necessary, notwithstanding

the inevitable losses of nitrates which follow its seeding.

There are, however, certain violations of the above rule which

need correction.

Corn land should never be left fallow through the winter. The
same is equally true of tomato and trucking land. Either these

crops should be followed by wheat or some winter cover crop put in

to conserve nitrates. In a loose sandy soil in which it is more diflB-

cult to accumulate available nitrogen it would be inadvisable to fol-

low a cultivated crop like tomatoes, or potatoes by wheat, but rather

to use crimson clover or rye to hold the nitrogen.

(/.) Increasmg the Supply of Available Nitrogen in the Soil.

Soils may become too rich in humus and available nitrogen. The

use of crimson clover has in some cases in Delaware been carried so

far as to work actual injury to the land, especially if the latter has a

tendency to become heavy and retentive of nitrates. The majority

of farm lands, however, are not open to the charge of being too rich;

on the contrary, the improvement of land and the growth of larger

crops is the great desideratum.

I have already pointed out that most soils contain large supplies

of organic nitrogen, which, by the aid of nitrification, can be made
available to crops. The question of utilizing these stores of organic

nitrogen already in the soil becomes mainly one of underdraining,

deep plowing and more frequent cultivation.

Every cultivation of a corn or potato crop is equivalent to a dress-

ing of nitrate of soda in its cheapest possible form. Hence if we
could cultivate twice to each once by our present system we would
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considerably increase our supplies of available nitrogen, and in turn

reap the rewards of such an increase in larger crops.

Such a system of intensive cultivation carried on year after year

would, however, result in the burning out of the land, and in greatly

reducing the fertility. It is, therefore, necessary to make good these

losses of organic nitrogen by the growth of such crops, or by the use

of animal manures, as shall add to the stock of humus already in the

soil. The eflect of stable manure and clover in increasing the quan-

tity of nitrates in the soil is brought out in the following table :=»

Table X.

Nitrogen as Mtric Acid in Pounds per Acre in Soils of Geescroft and

Hoosfield Experimental Plots, Eothamsted.
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of the roots, than the amount of total nitrogen to a depth of 72 inches

would indicate.

In column III the effect of 85 years' continuous culture of wheat
on the same land is shown; the result is a soil richer in available

nitrogen than might be expected.

The comparative effect of 17 j-ears in clover, as shown in the last

column, is a marked increase of available nitrogen, and shoW'S the

good effect of such crops in increasing the store of this important

element of plant food.

The effect of permanent grass in increasing the store of nitrogen

in the soil is marked, and is well brought out in the following table

bv Sir. J. B. Lawes:"

Table XI.

Nitrogen in Surface Soil (dry), First 9 Inches, and Gains in Pounds
Per Acre in Land in Permanent Grass.

Dates.

o
(U

;»

I..

<u

3

Nitrogen.
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6. Denitrification and Loss of Free Nitrogen.

Through the agency of bacteria present in all soils, nitrates under

certain conditions may be converted into lower oxides of nitrogen,

into ammonia or into free nitrogen.

Goppelsroder/^ in 1862, made the obserration that in soils rich in

humus active denitrification took place.

In 1882, Gayon and Dupetit" found that in river water containing

small quantities of nitrate of potash (0.02-0.2 grams per 1000) there

was a reduction of the latter salt to ammonia.

The reduction of nitrates through the agency of bacteria was later

(1883) observed by Deh^rain and Maquenne,^^ and also by Springer,^^

which reduction they held to be due to the agency of anaerobic forms,

similar to B. huti/ricus, which either reduced the nitrates to lower

oxides of nitrogen or to free nitrogen.

Heraeus,^*^ in 188G, isolated from water two bacilli which posessed

to an eminent degree the power of reducing nitrates to nitrites.

Blasi and Fravoli,®^in 1888, found in Palermo soil 27 different species,

which they have studied as to their chemical action in gelatin con-

taining nitrates. They found that in 1-3 days the quantities of ni-

trates diminished with a simultaneous increase of nitrites. These

latter reached their maximum in 6-8 days, and after 25-30 days en-

tirely disappeared.

Frankland,^^ in 1888, isolated from water some 32 different species

of bacteria, of which no less than 17 possessed the power more or

less completely of reducing nitrates to nitrites. Of these the most

strongly reducing were B. ramosus and B. pestifer.

Br^al,^^ in 1892, isolated from straw and other refuse a ferment

which possessed strong reducing action. He found that if to straw

fermenting in water, nitrates w'ere added, the latter rapidly disap-

peared, while if sterilized straw were put into water and allowed to

ferment, no such reduction took place, thus showing the presence

upon the straw of some specific denitrifying organism. The nitrogen,

according to the author, appeared partly in organic combination and

partly as elementary nitrogen.

Gilthay and Aberson,^* in 1892, isolated from both soil and atmos-

phere two organisms w-hich possessed active powers in reducing

Ditrates, and which they named Bacillus denitri-^cans var. a. and b.

Both of these liberated free nitrogen.

Egunow,*^ in 1893, isolated from the surface of seed a bacillus

which possessed the power of reducing nitrates to nitrites, etc.

Egunow found that in flasks with broad flat bottoms, with mineral

media and nitrates, and with the fluid only a few millimetres thick,

the nitrates were finally converted into ammonia. Where the thick-

ness of the fluid was 10 mm., the nitrates were converted into am-

i
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monia and free nitrogen. Where the thickness was 60-70 mm. no

ammonia was formed, but only free nitrogen.

Burri, Herfeldt and Stutzer,^*^ in 1S95, isolated from horse manure

and from straw two bacilli, respectively B. niti'ificans I and II, which

actively reduced nitrates.

Schirokikh," in 1893, isolated from horse dung a bacillus which

liquified gelatin, and actively reduced nitrates. In broth contain-

ing 2.0 grams of potassium nitrate to the litre, the latter was com-

pletely reduced in 5.8 days, at a temperature of 30-35 degrees C.

Again, Sewerin,^^ in 1897, isolated from horse manure 29 species of

bacteria, of which 20 possessed greater or less power of reducing

nitrates.

In 1S96, Kichards and Eolfs*"^ conducted some experiments with 25

different solutions prepared to typify conditions of water polluted

with decaying organic matter (sewage), and at the same time con-

taining nitrates.

They note, (1) the rapid disappearance of nitrates, usually less

than 10 per cent, of the original quantity remaining at the end of

3 days; (2) a corresponding increase of nitrites; (3) that when the so-

lutions contained no organic matter other than that usually present

in the water reduction took place very slowly and incompletely; (4)

that the nitrogen which disappeared from the nitrates was finally

given off in the free state; (5) that whenever nitrates were added to

decomposing organic matter under such conditions that the growth
of the bacteria required more oxygen than the solution afforded, the

latter took it from the nitrates setting free nitrites, which in time

were decomposed, setting free nitrogen.

From the aforegoing citations it is seen that denitrifying bacteria

are abundantlv distributed in nature, and that thev are found in

water, soil, manure, sewage and upon the surface of plants, particu-

larly upon straw. It is only necessary to add a small portion of soil

to media containing nitrates to obtain active denitrification thus

showing the general Dresence of denitrifying bacteria in soils.

The majority of soil bacteria studied separately by the author

possess this property to a greater or less degree.

7. Conditions Affecting Denitrification,

{a.) Presence or Absence of Air

.

—It has commonly been supposed that

the power of reducing nitrates belongs more exclusively to the an-

aerobic bacteria, or those which live without air. The question is

an open one as to how far denitrification is the result of a deficient

supply of atmospheric air. All of the species of soil bacteria so far
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examined by the writer, with one exception, are aerobic, and yet they

all actively reduce nitrates.

That active denitrification can take place in the presence of an

abundant supply of atmospheric oxygen is shown by the following:

A culture of B. pulvinatas was selected on account of its active denit-

rifying properties.

The bacillus was grown in a solution of Witte's peptone containing

one gram of nitrate of soda to the litre.

Provisions were made for continually passing sterile air through

the culture so as to provide an abundance of atmospheric oxygen.

Simultaneously with the above, a culture was made in an ordinary

flask, plugged with cotton wool, without aeration. At the end of 5

days 7.0 milligrams of nitrite of soda per 100 c. c. were found in the

aerated culture and 30.0 milligrams in the non-aerated.

At the end of 10 days 20 milligrams of nitrite of soda were found

in the aerated and 40 milligrams in the non-aerated culture.

In this case active denitrification took place even with abundant

and continual aeration of the culture, although the presence of large

quantities of atmospheric oxygen seemed to somewhat retard the

process.

These results are in conformity with those of Stutzer and Maul.'"

B. denitrificans and B. coli-communis in a broth culture caused a

vigorous reduction of nitrates to nitrites, and in four days the ni-

trites had entirely disappeared, when, however, a constant stream

of air was passed through the culture, growth took place as before

but the nitrates had not entirely disappeared until after the tenth

day.

It would, therefore, appear that denitrification can take place ac-

tively even in the presence of an abundant supply of atmospheric

oxygen, certain bacteria at least being capable of utilizing combined

oxygen equally with that supplied in the free state.

Contrary results were obtained by Pfeiffer, Franke, Gotze and

Thurmann'^^ in their study of the loss of nitrogen in manures. They

found that denitrification was more active when air was drawn

through and over the manure than when air was excluded, the pres-

ence of atmospheric air apparently favoring the process, and it has

become a recognized principle that manures lose nitrogen less readily

when kept closely compacted than when loose.

(5.) The Presence of Organic Matter.

The effect of organic matter upon the development of the denitri-

fying organism was shown by Stutzer and Jensen in 1897.^^ The

experiments of the latter indicate that denitrification can take place

only in the presence of a suflBcient supply of assimilable carbon,
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otherwise the nitrates remain unaltered although the denitrifying

organism may be present in abundance. Apropos to this principle

the authors hold with Maercker that horse manure is more active in

causing denitrification than sheep or cow manure since the former

is much richer in assimilable carbon than the latter.

It is a well known fact that denitrification is particularly active in

stable manure, and denitrifying bacteria are especially abundant

therein. The admixture of straw also favors the denitrification

process in manure was accelerated by the addition thereto of a

straw contains an easily assimilable carbon in the form of pentosans.

The pentosans which are abundant in coarse manure and straw, fur-

nish a much more readily available food to denitrifying organisms

than cellulose or fibre. Still more readily assimilable forms of car-

bon are found in such compounds as glycerin, citric acid, lactic acid,

etc., and Pfeiffer and Lemmermann found that the denitrification

process, and an explanation of this has been found in the fact that

soluble calcium citrate.

The loss of nitrogen in the free state in organic infusions seems

to be associated with the presence of readily decomposable nitro-

genous bodies, such as the am ides. Thus Grinibert ''^found that the

colon bacillus, when grown in a solution containing peptones and
nitrates, yielded no free nitrogen, but when grown with nitrates in a

solution made from beef extract and containing amides there was a

considerable loss of nitrogen in the free state.

The author, therefore, concludes^ that the nitrogen does not come
exclusively from the nitrates, but also results from the denitrifying

action of the bacillus upon amido principles in the culture medium.
2. That the evolution of free nitrogen seems to result from the

secondary reaction which nitrous acid, formed by the bacteria, exerts

on these amido substances.

It has been seen that one step in putrefaction and ammonification

is the production of amido acids and basic amines, and this explains

perhaps the rapidity of the denitrifying process in infusions rich in

nitrogenous organic matter which are undergoing putrefaction.

Kinger'^^ showed that when nitrate of soda was mixed with liquid

manure (urine) there w^as a decided decomposition of nitrogenous

compounds and loss of nitrogen. And in the same connection, T. B.

Wood"* found that nitrate of soda when used alone as a fertilizer for

oats gave much better results than when used with manure.

This simply reiterates the former principle that nitrates readily

decompose in the presence of an excess of readily assimilable organic

matter'.
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(c.) The Relation of Denitrifieation to Cultivation.

It has been stated that denitritication may take place either in the

presence or absence of atmospheric air.

With the presence of some form of easily assimiliable organic mat-

ter, it may take place under any condition of aeration.

Nitrification is the opposite and antagonistic process to denitri-

fieation. Furthermore, the conditions which are favorable to the

former are inimicable to the latter.

The question of denitrifieation and loss of nitrogen in soils is one

about which much has yet to be learned, but it is generally believed

that under ordinary conditions it is of no particular importance.

At least this much may be said, that if the agriculturist will main-

tain those conditions which are favorable to nitrification, any pos-

sible loss of nitrogen by the opposite process can be disregarded.

Hence cultivation, which effects the rapid destruction of easily

assimiliable organic compounds, leaves little opportunity for the

denitrifying bacteria to carry on their destructive work.

8. The Loss of Nitrogen From Stable Manures and its Conservation.

It has been stated that denitrifieation and loss of nitrogen is com-

paratively rapid in stable manures, because of the abundant presence

of denitrifying bacteria and of easily assimiliable organic compounds

which furnish food to the latter. It has also been noted that straw

mixed with urine and excrement also assists the process by fur-

nishing an easily assimiliable carbon compound in the form of pen-

tosans.

So deleterious is the action of straw that it has been suggested, as

a feature of good farm practice, to keep the manure and litter sepa-

rate, or to see to it that as little straw as possible becomes mixed with

The urine and faeces.

To what extent this is practicable must be left to the practical

agriculturist to determine. But taking conditions as they ordinarily

exist, i. e., with straw forming a considerable proportion of the

manure proper, and with the natural losses of nitrogen which must

take place to confront us, how can these be reduced to the minimum.
There are two methods for conserving the nitrogen content of stable

manure, first, by the exclusion of air and second, by the use of pre-

servatives.
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Regarding the first method it has been shown that denitrification

is more active when air was drawn through and over the manure
than when it was excluded.

Under the former condition of free access of air Franke, Gotze and

Thurman-' showed a loss of nitrogen amounting to from 27.6 to 42.6

per cent, of that originally present.

Hence to prevent loss of nitrogen the manure should be kept well

compacted; its storage in sheds, or even in closed receptacles, where-

by it is protected from strong currents of air, is also advisable.

The preceding authors have also made valuable experiments on the

use of preservatives. Of these, the use of super-phosphate is especi-

ally recommended.

In this case the transformation of the nitrogen in the form of free

ammonia into free nitrogen was prevented by the use of a sufl8cient

amount of the super-phosphate to combine with all the ammonia
formed, thus fixing it and preventing its loss. Plaster or sulphate

of lime acts in the same wav but less energeticallv.

The addition of 2-3 per cent, of caustic lime, or 5 per cent, of marl,

decidedly reduced the denitrifying power of fresh manure.

The use of caustic lime, however, is not to be advised as it was
found to promote ammoniacal fermentation, and the loss of ammonia.
According to the authors, the mechanical condition of the manure

exerted a more marked effect upon its preservation than chemical

preservation. Hence the keeping of the manure in a well compacted
condition and free from strong currents of air is of primary conse-

quence.

9. The Disintegration and Dissolution of Mineral Matter.

This subject has, in a measure, been discussed in previous pages,

but a few additional statements, in this connection, might be made.

The mineral elements of plant food are absorbed in the form of

salts. These salts are compounds of acids and bases, as shown in the

following list:

Plants Absorb.

Acids.
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Of these acids, certain of them have existed in the rocky crust of

the earth, from which soils have originated, before the advent of life,

and hence are not of bacterial origin. These are sulphuric, phos-

phoric, silicic and hydrochloric acids. Others of them are products

of bacterial life such as carbonic and nitric acids.

Of the bases, all except ammonia are of primordial or earth crust

origin.

Of the salts, the sulphates, silicates, carbonates and chlorides,

which are largely' present in rocks, are not absorbed except in minute

quantities, the greater part of the bases being taken up as nitrates

and phosphates, and also as salts of the organic acids.

In the process of nitrification the nitric acid combines with the

various bases present in the soil, and nitrates are produced.

Phosphoric acid exists in the soil in the form of insoluble basic

phosphates, which, under the action of organic acids, are converted

into neutral or acid salts which are soluble. Hence the production

of organic acids» by bacterial fermentation renders phosphoric acid

available to plant roots.

We have already spoken of the action of carbonic acid, in disin-

tegrating, and setting free as carbonates, the various bases locked up

as mineral silicates. These carbonates unite with silica to form

zeolites and these in turn are slowly decomposed by organic acids,

and their contained bases again liberated as organic salts.

H. Carrington Bolton has shown that many minerals are slowly

decomposed by the action of cold citric acid, the zeolites and other

hydrous silicates being especially susceptible.
*

Thus by the combined production of carbonic, nitric and the va-

rious organic acids, through the action of bacterial life, w^e have all

the necessary agencies at hand for the dissolution of the mineral

elements of plant growth.

VIII. THE ASSIMILATION OF ATMOSPHERIC NITROGEN.

1. HiSTOEiCAL Summary.

The Biology of Root Tubercles.—It is a fact familiar to all that

the roots of leguminous plants contain nodular swellings or excres-

cences known as ''root tubercles."

These have been recognized from the earlier days of botanical in-

quiry, and as far back as 1615, DeL^champ used the characters of

the root tubercles as a basis of classification, and the same use was
made of them by DeCandole''^ in his System of Vegetation.

At different periods during the earlier part of the nineteenth cen-
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lurv various opinions were held by different authors regarding these

bodies. The more general view was ihat they were of the nature of

fnngns growths, or otherwise diseased conditions of the roots: a few

held them to be the result of animal parasitism, and due either to

insects or worms: while others considered them to be normal organs.

regarding whose function there was difference of opinion.

All of these latter views were, however, purely speculative, rather

than based upon any serious study: and it was not until 1S66 that

any attempt was made to study them closely: when Woronin'- de

scribed their microscopic structure.

He found them to be composed of a cenn^al portion of thin walled

cells, of an outer rind, and of an intermediate layer or vascular ring.

In the central portion the contents were cloudy, and closer examina

tion showed the cells in this portion to be filled with peculiarly shaped

bodies, which were sometimes rod-like, at others forked, and present

ing a variety of forms simulating the letters T and Y. Woronin re

garded these bodies as living organisms, but since they differed from

other bacteria or Tl^/ro-^ in form, he termed them Bacteroids. He
regarded them as the causative agents in the formation of the tuber

cles, although he offered no proof of this assumption.

In 1S74. Erickson" found in the newly developing tubercles long

branching filaments resembling the mycelium of a fungus.These

threads he considered to be the infecting agents. Later on in the

development of the tubercles he obserxed the presence of the bac-

reroids. noted by Woronin. but failed to connect the two as corelated

structures.

In the early observations of Woronin and Erickson we have the

germ and substance of all that has since been discovered regarding

root tubercles. Both recognized, as is held to-day. the two classes

of bodies the filamentous and the bacteroid. Both were right in as-

suming that the organisms as seen within the tubercles were the

agents in their production, although Erickson was more nearly right

in assuming that the filaments were the real infecting agents.

But it was left to others to show the relation of the filaments ro

the bacteroid bodies, and this question became the subject of much
controversy and difference of opinion extending over many years.

In the controversv which followed, covering the latter 2-5 vears of

the nineteenth century, the most eminent botanists were engaged.

On certain points they agreed, on others they differed, but since

the points on which they differed determined the position which

these forms should occupy in a system of classification, the subject

became of especial interest.

All agreed to the presence of the filaments within the tubercles

in the early stage of their development. These filaments were fur-

23
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thermore regarded as the infecting parts, which forced their way into

the younger roots and, by their irituting presence, set up a multiplica-

tion or proliferation of cells which resulted in the building up of an

excrescence or tubercle.

It VA'as upon the structure of the filaments, and upon how the bac-

teroid bodies originated from them, that they differed, and upon this

point it is surprising that there should havebeen such a wide diver-

sity of view. These two views class themselves under two heads,

which, for the sake of convenience, we shall term the endogenous and

the exogenous theories. The former was held by Prazmowski, Frank

and Maria Dawson, and the latter by Laurent, Ward and Atkinson.

According to Prazmowski,^^ the leader of the endogenous theory,

the infecting agent in the production of the root tubercles is present

in the soil as a definite bacterium, which, after Beyerinck, he calls

Bacterium radicola.

Certain of these force their way into the smaller roots and for a

time multiply therein; but soon the juices of the plant exert an un-

favorable influence upon them, and to protect themselves against its

injurious action they excrete a gelatinous substance in which they

remain embedded, and in which they continue to multiply. With
this multiplication the gelatinous envelope is drawn out into long

strands or filaments, containing the rod-shaped bodies or bacteria.

As long as these remain protected by their gelatinous envelope they

continue to multiply and retain the rod-shaped form.

As the filaments approach the central portion of the tubercle they

Bwell out into rounded vessicles. Later on by the enlargement of

these latter the enveloping membrane becomes so thin that it bursts

and the enclosed bacteria are set free. From this time they cease to

multiply, and by degeneration assume a variety of irregular branched

forms, first observed by Woronin, and called by him bacteroids.

Prazmowski, therefore, recognized (1) that the filaments were elon-

gated pouches of gelatinous matter, the secretion of the bacteria,

and in which the infecting bacteria w^ere embedded; (2) that these

bacteria multiplied as straight rods within the filaments, or en-

dogenously; (3) that by the escape of the bacteria they underwent

various degenerations by which they assumed the irregular forms of

bacteroids.

One essential point in Prazmowski's position was that the bac-

teroids were degenerated forms.

Frank™ in his later observation, held to the position of Prazmow-
ski, but differed in regarding the gelatinous envelopes as a product of

the cell rather than of the bacteria.

Maria Dawson^° in 1899, also held to the view of Prazmowski. By
proper staining she found the filaments to consist of strands of
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straight rodlets lying parallel to the longer axis of the filaments

and embedded in a colorless matrix. This matrix did not consist of

cellulose, chitin, or any form of slime. The swellings, or vessicles

of Prazmowski, occurred at places where the rodlets had become

heaped up and eventually had burst liberating the rodlets. After

liberation from the filaments they became tranisformed into X, V
and Y shaped bacteroids.

The exogenous theory is best represented by the researches of

Laurent in 1891,^^ and later by those of Atkinson in 1893.^^

Both hold that the filaments are not pouches containing bacteria,

but true homogenous filaments, which, as they enter the cells of the

central portion of the tubercle, show enlargements which afterwards,

by a process of budding, give rise to the branched bacteroid bodies.

This view was also held by Ward^^ somewhat earlier, and all agree

in regarding the organism as a lowly organized fungus instead of a

bacterium whose filamentous portion corresponds to the mycelium,

and whose bacteroids are buds or gonidia thrown off from the latter.

For this fungus, Laurent adopts the name Rhisohium leguminosarum

originally proposed by Frank.

Kegarding these two views the bulk of evidence inclines to the

exogenous theory, although there is opportunity for further study

before the matter is finally settled.

In what has been already said it was assumed that the root

tubercles of leguminous plants are caused by an organism, com-

monly present in the soil, which infects the younger roofS and re-

sults in the formation of excrescenses or tubercles.

In the earlier researches on the structure of the tubercle and their

contained organism it was assumed that the associated fungus was
the cause of the tubercle. But the first demonstrable proof of the

relation of soil organisms to the development of tubercles w'as due

almost simultaneously to HellriegeP* and to Ward,^^ in 1886.

Hellriegel grew peas in sterilized sand free from nitrogen, but

to which the other mineral fertilizers had been added. The plants

grew until the stock of nitrogen in the seed was exhausted, when
they showed signs of starvation. To these starving plants were

added infusions of soil in which peas had previously been grow^n; in

one case this infusion was sterilized, and in the other not. When un-

sterilized soil infusion was used, the plants began to revive their

vigor, and continued to grow to maturity. On their roots numer-

ous tubercles developed.

In the case of the plants watered with sterilized soil infusion, the

plants did not revive, and no tubercles formed.

From this experiment and others of like character it was shown
that something, probably a living organism, existed in the soil in-
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fusion, which was capable of infecting the roots and causing the

formation of tubercles; and that by heat this organism could be de-

stroyed.

The experiment also showed that the renewal of vigor of the plant

in a nitrogen free soil was corelated with the infection of the roots

and the formation of tubercles; in other words, tubercle formation

and nitrogen assimilation by the plant were interdependent.

From this point the question of tubercle formation passed from

one of mere botanical interest to one of great agricultural import-

ance.

Ward^'^ went even further, and besides showing that tubercles could

be produced at will by the inoculation of roots with soil infusions,

succeeded in tracing the development of the fungus filaments into

the root hairs, and thence into the cortex of the root, where he noted

the development of the tubercles at these points of infection.

In 1888,^^ Beyerinck, succeeded in cultivating the root tubercle or-

ganism on artificial media, and described a number of races from dif-

ferent plants, which he considers varieties of one species of bacteria

and which he names Bacilhis radicicola.

In 1890, Prazmowski,'^^ by cultivating the organism of the root

tubercles of beans ,succeeded in inoculating their roots with pure

cultures of the latter by watering sterilized soils in which the plants

were grown, with liquid cultures of the organism.

In 1891, Laurent,^^ by growing legumens in water culture, succeed-

ed in inoculating their roots and producing tubercles at the points of

inoculation by puncturing them with a needle whose point was con-

taminated with root tubercle germs. And a little later, Atkinson^^

succeeded, by growing vetch in water culture, in inoculating their

roots and producing tubercles from pure cultures of the organism.

There is thus no doubt but that tubercles on the roots of legumi-

nous plants are produced by infection from without, and by an

organism entering the root from the soil.

The organism as it exists in the soil is probably in the form of

bacteria-like bodies, and most soils contain them in greater or less

abundance. Their method of infecting the root is best described

and figured by Atkinson.^^

The bacterial body has the power to penetrate a root hair and is

first seen therein as a filament, extending its entire length, as shown
in Fig. 7 BC, and thence entering the cells of the cortex of the

root, causes their proliferation and the production of a swelling upon
the side of the root. Fig. 7 A, which by further growth becomes a

tubercle. Within the central cells of this tubercle the filaments can
be seen branching in all directions as seen in Fig, 8 A.

At numerous points are seen irregular swellings, F'g. 8A-B,



Fig 7.—Root tubercle formation. Infection of root

through root hairs. A, a, infected root hair; b, beginning- of

a tubercle; B, a, point of entrance of infecting filament into

root hair; b, infecting filament; Ca-Cb, as before. (After
Atkinson.

)







Fig. 8.—Root tubercle formatiou. A, ramification of filaments

within central cells of tubercle ; a a, enlarg'ements of the latter from
which budsorig-inate. B—aa, showiuf^ budding- of filaments and produc-

tion of bacteroids. C, bacilliary and bacteroid bodies. (After Laurent.)
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which later on produce buds which become bacterial and bacillary

bodies, and which eventually fill the cells of the central portion of

the tubercle.

Such in brief is an outline of the biology of the root tubercle

organism. For a further exposition of the subject the reader should

consult the excellent paper of Atkinson.

2. The Relation ofi Root Tubercles to INitrogen Assimilation.

It has long been known that clovers enrich land, but the full

philosophy of the matter has not been fully understood until com-

paratively recent date.

Lachmann,^® in 1S58, was probably the first to suspect that certain

nodular bodies seen upon the roots of legumes were in some way con-

nected with the absorption of nitrogen by the plant, but no experi-

mental proof of this assumption was given.

In 1804, Kautenberg and Kuehn" gave the first inkling of this in

their work on water cultures. They noticed that with certain legu-

u:ens grown in water, nodules formed on the roots of only those

plants which were growing in a solution free from some compound of

nitrogen. The preseuce of nodule^/, therefore, seemed to be asso-

ciated W'ith an eii'ort on the part of the plant to obtain nitrogenous

food.

DeVries,^^ a little earlier, observed that comparatively few nodules

developed on plants to which an abundance of nitric nitrogen was

supplied. Root tubercle development, therefore, seemed to be asso-

ciated with nitrogen hunger. But an exact demonstration of the

relation of root tubercles to nitrogen assimilation by the plant was

not made until 1886, when Hellriegel announced his important series

of researches.

Hellriegel^- was able to grow peas and other legumens in pure sand

ab{<olutely devoid of nitrogen, but supplied wath other plant food.

The sand was sterilized so as to destroy all germ life therein. Peas

etc., grew in such a soil only under certain conditions, i. e., when

the soil was infected with an infusion containing the living germs of

root tubercles. Soils inoculated with sterilized infusions, or soils

not inoculated and previously sterile, failed to grow peas.

In the infected soils the peas developed tubercles, and with their

development the plants thrived and attained their full maturity.

Since the soil was devoid of nitrogen, the plants could have gained

the nitrogen for their fruition from but one source, and that was the

atmosphere.

Hellriegel thus, as a result of an elaborate series of experiments,

was able to announce positively that leguminous plants were able to

utilize the free nitrogen of the air.

24—G~1902
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But an aunouncement so radical and startling as this could not

rest on the authority of one man alone, and accordingly, llellriegel's

experiments, with modifications, were repeated by numerous investi-

gators, notably, Nobbe, Hiltner and Schmid,^* with the same results.

In Hellriegel's experiments his plants were grown in the open air,

and since atmospheric air contains combined nitrogen in the form

of ammonia and nitrous acid, it was a question, though the soil

might be free from nitrogen, whether the nitrogen compounds present

in. the air might not be the source of nitrogen to the plant instead of

free nitrogen.

Accordingly, in 1892, Atwater and Woods,^° in this country, grew

peas in glass cases the air of which was free from every trace of com-

bined nitrogen. The soil and nutrient solution used to water and

fertilize the plants were also nitrogen free. At the end of the ex-

periment, covering 85 days, 27 plants had made an average growth

of 29 inches, with a total gain of 242 mg. of nitrogen. It was fur-

thermore noted, that as a rule the largest gains were in those plants

which showed the largest tubercle development. Thus, the authors

conclude, "The free nitrogen of the air was alone available to the

plants, and the gain must have been by the acquisition of free ni-

trogen."

There is, therefore, no longer any doubt remaining in the minds of

scientists that leguminous plants possess the power of utilizing the

free nitrogen of the atmosphere.

It has also been shown that they do this in proportion to the

poverty of the soil in available nitrogen. In other w^ords, the plant

does not utilize the function of appropriating free nitrogen unless

forced to do so.

A legume will thrive in the presence of an abundance of avail-

able nitrogen in the soil, or will respond to a liberal application of

nitrate of soda. And it does so because it is easier for it to utilize

a form of nitrogenous plant food already prepared for it than to go

through the more elaborate process of appropriating the free nitro-

gen of the air.

But if the soil be deficient in nitrogenous food the legumes will

extend their appropriating energies along these new^ lines, eventually

overcome their soil environment and come off the victor.

On this principle is based the value of leguminous plants as soil

enrichers.

It has been stated, and has perhaps been fairly w^ell established,

that the increase in nitrogen in legumes is proportionate to the

development of tubercles.

In his experiment with beans, Halsted^^ found that in every case

there was a decided increase in yield of beans on soils where several

successive crops of beans had been grown, over the yield where
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grown on a soil for the first time. Tlie roots of the plants growing
upon old ground were well supplied with tubercles, while in the

new soil thej were usually almost entirely absent.

Lane,^^ in New Jersey, obtained similar results with the cowpea,

when grown for three successive crops on the same land. The first

season but few tubercles were noted, and the yield was 6.56 tons per

acre. The second year the tubercles were more abundant and the

yield was 7.19 tons per acre. The third season the tubercles grew
abundantly and the yield per acre was 10.02 tons.

The fertilizer applied the third season was less than one-half

that applied the second and it is believed that the increase was due in

a large measure to a greater abundance of tubercles.

It is a general observation that both annual and perennial legu-

mes grow better a secood season than they do the first, and this is

probably due to a larger seeding of the soil with the organisms nec-

essary to the production of tubercles on the roots.

It is claimed by Nobbe and others that root tubercles exert no

influence in nitrogen assimilation when there is an abundance of

available nitrogen in the soil. The tubercles being held to be the

organs for such assimilation, this amounts only to saying that

these organs will not perform this function unless called upon to do

so, but let this necessity be forced upon the plant, the function of

the tubercles is exercised, and the greater their number the greater

will be the gain of the plant in nitrogen.

Furthermore, the poorer the soil in available nitrogen, as shown
by Hiltner^^ in the case of Alnus glutinosa, the greater is the num-
ber of root tubercles which will develop, provided the necessary

organisms are present in the soil. Hence under conditions of nitro-

gen starvation or deficiency the number of tubercles on the roots

becomes a measure of the nitrogen assimilating activities of the

plant.

3. Do Other Plants Than Legumes Assimilate Free Nitrogen?

The power of legumes to assimilate free nitrogen does not rest

on the fact that they belong to a certain family of plants, the Legumi-

nosae, but rather to the fact that their roots contain tubercles.

Thi? is instanced by the common alder whose roots bear tubercles.

Hiltner has shown that young alders without root tubercles, and

deprived of combined nitrogen, are unable to assimilate atmos-

pheric nitrogen, and that the plants are poorly developed. But when
by inoculation, tubercles are produced, the plant can utilize free

nitrogen as in the case of legumes. This is well illustrated in Fig. 9.
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The alder is therefore the one non-leguminous plant which is able to

assimilate atmospheric nitrogen.

Regarding other non-leguminous plants, the question of nitrogen

nssimilation has been raised, but the answer has, on the best author-

ity, been in the negative. Thus Lotsy^^ showed the inability of white

mustard to utilize free nitrogen and the same was shown by Nobbe
and Hiltner^" regarding mustard and buckwheat.

So far as present knowledge goes we may, therefore, assume that

plants without tubercles are unable to utilize free atmospheric

nitrogen.

4. Are There Different Species of Root Tubercle Organisms.

This is a question which has frequently been raised, but which as

yet cannot be positively answered.

Nobbe held that there is a separate race of bacteria for each species

or group of nearly allied species of plants. On the other hand Maz6,

an equally good authority, claims that there are certain physiological

forms of bacteria determined by the nature of the media in which

they are developed. These are able to inoculate the roots of plants

growing in soils offering the proper conditions for their develop-

ment.

Beyerinck^^ has made a careful study of the different forms of

bacteroids found in different species of legumes, and records dif-

ferences among them. Voelcker^^ illustrates 16 different forms of

bacteroids from different species of legumes, but states that no cul-

tivating these organisms on nutrient juedia their differences disap-

pear and that they can no longer be distinguished the one from the

other.

This would indicate that differences in the form of the organism,

as seen witlhin the plant, has little significance, and is controlled per-

haps entirely by the differences in the host. For it is a well known
fact that one and the same bacterial organism will often present

variations in form when grown in media of different character.

It is thus evident that the question of differences of species can-

not be settled from the standpoint of differences of form, but must

be determined from the physiological side.

Nobbe, Hiltner and Schmid^^ have thrown important light on the

question in their inoculations of different legumes with pure cul-

tures.

Their experiments show that the organism from a single species of

legumes is capable to a greater or less degree of infecting and of

producing tubercles on the roots of a number of distinct species.

Thus the vetch can be infected by means of culture from Robinia

(locust) Acacia, Vicia (vetch), and Pisum (pea); but the greatest de-



Fig. 9.—Aliuis in sterilized soils. Pot 1, inocu-

lated with bacteria from Alnus tubercles. Pot 2,

soil not inoculated. (After Hiltner.)







Fig 10.— Robiiiia pseudacacia in nitrogen free

soils. Pot 1, inoculated with bacteria from pea tuber-

cles. Pot 2, inoculated with bacteria from Robinia

tubercles. (After Nobbe, Hiltner and Schmid.

)
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veiopment of Hie vetch took place when its roots were inoculated

with vetch organisms. In other words, a given legumen is most sus-

i;eptible to organisms of its own kind, and but feebly so to those of

another species. (See Fig. 10.)

In the following table are given the results of these inoculations

by the above authors:

Chemical Analysis of Plants.

Inoculated With Pure Cultures From

c
!
o

rt
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acquire a certain immunity against infection by bacteria of a certain

degree of virulence.

This may account for the failure of land in many instances to grow
clover, so called "Clover sickness/' when there is reason to believe

that the soil is well supj)lied with the specific organisms.

To return to the question of species among different root tuber-

cle organisms, it may be concluded that distinct species do not exist,

and that there is but one species of variable virulence, capable of

infecting the roots of an}^ of the legumes either feebly or readily.

That this species, which may at first attack a given host but feebly,

has its virulence so increased by repeated growth in that host that

it eventually is able to produce ready infection.

5. Relation of the Soil to Tubercle Production.

It has been stated that legumes will grow readily in soils where

there is an abundance of available nitrogenous food independent of

their power to assimilate atmospheric nitrogen. The legumes, how-

ever, are so rich in nitrogen, and such vigorous growers as a rule,

that their demands for nitrogen are greater than those of any other

class of agricultural plants. Hence, in ordinary soils, legumes must

utilize their nitrogen assimilating function to a greater or less de-

gree.

In poor soils, and these are the ones in which we desire to grow
legumes as soil enrichers, there is often at first a struggle on the

part of the legumes for existence, particularly is this true when a

new legume is introduced.

It is assumed that in most soils root tubercle organisms of one

variety or another exist, but often in such few numbers or in such an

attenuated form as to feebly affect the plant. In this event an in-

troductory crop of that legume, however small, may be necessary

for the purpose of stocking the soil not only with the necessary num-

ber of organisms but with those of the proper degree of virulence.

Soils, therefore, become adapted to the growth of any legume and

this adaptation consists in an abundant supply of organisms of the

proper virulence to infect the roots.

Nothing directly is known regarding the relation of soil acidity

to the life of root tubercle bacteria therein, but Salfeld found that

the addition of lime to land was beneficial to the development of

root tubercles on field peas, lentils and garden peas.
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6. Inoculations of Soils.

As soon as it was shown that root tubercle development was de-

pendent upon the presence in the soil of specific organisms, the

question of seeding the soil with such organisms was raised. The ex-

periments which have been conducted on seeding land with soil in

which the specific organisms of any leguminous tubercles are known

to exist, have sometimes given positive and at others only indifferent

results.

The positive results have usually come from the inoculation of

virgin soils, moorlands or barren soils that have not previously born

leguminous crops.

Salfeld,^"'^ in North Germany, obtained excellent results on the

large scale on recently reclaimed moorlands sown to peas and beans

which had received applications of lime, phosphatic slag, kainit and

nitrate of soda, together with small quantities of fertile loam from

fields that had previously born good crops of these plants.

In this case it was probable that the soil was deficient in nodule

I)roducing bacteria. Freewith^"^ found that in plots containing lu-

pines, and inoculated with lupine soil at a rate of 1,600 to 3,200

pounds of earth per acre, there was an increase in yield of stems,

leaves and hulls of from 67 to 72 per cent. In plots containing ser-

radella, and inoculated with serradella soil, at the rate of 80 pounds

to the acre, there was an increase of yield of fodder of from 41 to

282 per cent.

In the latter case tubercles were found on the roots of the plants

grown in inoculated soil, while they were absent in those grown on

uninoculated land. In this case there must have been an absence or

deficiency of the proper organisms present, which were supplied by

the soil inoculations.

Soils which have been previously uncultivated are more likely to

respond to soil inoculation than those which have been under tillage.

Thus Schniftes^"^ found that when cultivated clav soil was inocu-

lated with earth containing bacteria from the root tubercles of

lupines no favorable results were obtained. But when soil pre-

viously uncultivated was inoculated in the same way the increase

of yield was from 11 to 32 per cent.

Otis,^*^^ of Kansas states that soy beans have been grown for eight

years at the Kansas Station, but during that time tubercles were not

found on their roots. Accordingly he secured soil from Massachu-

setts in which tubercle bearing soy beans had been grown. This

soil was used to inoculate the Kansas soy beans. All the inoculated

plants showed tubercles; there was also, as compared with uninocu-

1.1 ted plants, a greater diameter of the lower part of the stem. Analy-

ses of the crop showed also a slight increase in nitrogen, protein and

water content.
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Instead of soils, use has recently been made of cultures of the

bacteria found in the root tubercles. Such cultures have already

become a commercial product under the name of Nitragin.

The organisms are grown upon a specially prepared gelatin me-

dium. Cultures from different legumes are made and sold, so that

the proper organisms can be supplied for any given leguminous

plant.

In using the cultures, the tubes containing them are placed in

luke-warm water having a temperature of about 90 degrees F., to

melt the gelatin and disseminate the germs throughout the medium.

This is then mixed with a small quantity of water, and in this the

seed is immersed previous to sowing, or the diluted cultures can be

mixed thoroughly with earth and the latter sown broadcast over the

land, immediately after the seed is sown. In immersing the seed in

the solution the germs are brought into immediate contact with the

developing plant, when root infection is more apt to follow.

The experiments on the use of nitragin have been so extensive

and varied that it will be unprofitable to detail them here. Fur-

thermore, the results have been so contradictory that confusion is

likely to overwhelm the reader were we to review them.

In many cases increased yields have followed the use of nitragin,

in others no benefit has resulted. Perhaps the failure in many
cases has been due to the use of inactive nitragin, but, in most in-

stances, it was likely owing to the fact that the necessary organisms

were already abundantly present in the soil.

The question of the inoculation of soils, either with soils or with

nitragin, therefore, resolves itself into one of whether the necessary

organisms are already present.

In the cases where beneficial results have been attained, the soils

on which it was used was either barren or otherwise below the

standard of what might be classed as fertile soils. In the case of

poor, sandy or worn-out lands, nitragin will doubtless be useful in

initiating a good growth of any particular legume, until by a first

crop the soil shall become well supplied with the necessary bac-

teria; after that there would be no advantage in its further use.

In ordinary arable land some form of the tubercle organism is prob-

ably present in proper numbers to infect the roots to a degree suffi-

cient at least to stock the soil with organisms of the proper viru-

lence for another season.

Cases where nitragin is advisable are, therefore, the exceptions

rather than the rule, and on this point no hard and fast lines can

be drawn. The indiscriminate use of nitragin has led to many
failures and disappointments. Like all good things when wisely

used it is useful, but when used without judgment it is liable to

meet with unjust condemnation.
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7. Increase of the Nitrogen Content of Soils.

It is a familiar fact that land left to itself in an undisturbed con-

dition increases in fertility from year to year. In the forests and

prairies of our own country we have profited by the accumulated fer-

tility of centuries, and much of our present National wealth we owe
to those biological processes of the soil we are about to enumerate.

Hy these Ave mean the ability of the soil to accumulate nitrogen

through the agency of microscopic organisms, and the lower classes

of plants. Every observer is familiar with the growth of lichens on

bare rocks on which no organic food, much less nitrogen in any ap-

preciable quantity, is present; and yet such plants contain nitrogen

and contribute it to the thin mantle of soil which slowly accumulates

over rocky surfaces.

Fungi are frequently found on sterile sand in which only an in-

appreciable quantity of nitrogen is present, and yet they may store

up in their tissues quantities of nitrogen greatly in excess of what

the soil is able to furnish.

Mulder showed that moulds grown upon non-nitrogenous sub-

stances always contain protein, and his experiments are quoted by

Storer.

In aqueous solutions of sugar left "for three months in stoppered

bottles, with a seven fold volume of air, an abundance of mould grew,

which, on being collected and subjected to dry distillation gave off

large quantities of ammonia. So, too, starch kept under water in a

bottle that contained air soon fermented, and the fungus which it

had nourished gave off ammonia on being distilled."

It is now generally recognized that fungi, microscopic algae, and

perhaps other of the lower cryptogams, possess greater or less power
of fixing atmospheric nitrogen.

Bertholet^"^ held, and, in fact demonstrated, that certain micro-

scopic organisms of the soil do appropriate the free nitrogen of the

air. During the growing eeason, in clayey and sandy soils, he ob-

«erved a slow but continual fixation of nitrogen from the air. This

increase, furthermore, failed to take place when the soils were steri-

lized by heating them to 230 degrees F. From this it was con-

cluded that the fixation of nitrogen was due to certain micro-organ-

isms which were destroyed by the heat. Bertholet, from his labora-

tory experiments, calculated that as much as 75 to 100 pounds of ni-

trogen per acre could be fixed in this way, and in two exceptional

cases as high as 525 and 980 pounds to the acre.

A number of chemists, notably, Koenig, Kiesow, Armsby, Birner,

Kellner, Deh^rain and Avery^"^ found that when organic matter in

one form or another undergoes fermentative changes of a putrefac-

tive character, there was frequently an increase of nitrogen in the
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fermenting substance. This was particularly marked when the

materials were kept alkaline with carbonate of soda or lime.

The explanation given for this increase was that a combination of

nascent hydrogen evolved during the fermentation took place with

the free nitrogen of the air by which ammonia (N H3) was produced.

It is known that hydrogen is a common product of putrefactive

fermentation, and it is highly probable that when such putrefactive

changes take place in the soil there is a certain fixation of atmos-

pheric nitrogen.

The claim of Bertholet that micro-organisms of the soil possess the

power of utilizing free nitrogen led Winogradsky^"^ to test the vali-

dity of this assertion. Of 15 separate species of soil bacteria isolated

by him only one of them was able to assimilate nitrogen to any ap-

preciable degree. To this he gave the name Clostridium pasteu-

rianum.

Cultures of the latter were made in saccharine media free from

combined nitrogen, in which the organism grew, apparently de-

pendent upon the free nitrogen of the atmosphere for their food.

The conclusion which the author reaches, however, is that the power

of fixing nitrogen is not general among micro-organisms.

csince Winogradsky's investigations of the above, a few others

have been isolated which are capable of fixing free nitrogen, notably,

Bacillus dlenhachiensis. which is now sold in the form of cultures

known as alinit.

The fact that but few species of bacteria possessing the power of

utilizing free nitrogen have been found is no argument that they do

not exist in the soil, and the fact that soils do make appreciable gains

in nitrogen is indication that the necessary organisms must be pres-

ent.

From a practical standpoint the matter has little significance, since

the gains of soils from this source are in a single year inconsiderable

as compared with those which can be so readily brought about by

the growth of legumes.

To effect results of momentous importance their action must cover

long periods of years such as have passed before the advent of Eu-

ropean agriculture on the American continent.

8. The Use of Alinit.

All great discoveries are likely to lead to spasmodic efforts to

revolutionize agriculture, and the climax has been reached in the

effort to seed on soils with nitrogen assimilating bacteria by the use

of alinit.

Alinit is a culture of Bacillus ellenhachiensis^ which organism
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is claimed to possess the power of utilizing atmosplieric nitrogen.

It is supposed to be particularly valuable in the growth of the

cereals which lack the power of utilizing free nitrogen.

In the use of alinit, both beneficial and indifferent results have

been obtained, but the experience in its use have not been as yet ex-

tensive enough to warrant definite conclusions being drawn regard-

ing its value; but from a theoretical standpoint there is little to

recommend it.

B. ellenhachiensh is probably identical with J3. inegathermm*

which is commonly present in soils, in which case nothing new is

added to the soil by its use. Furthermore, of the myriads of bac-

teria present in a handful of soil, the addition of a relatively in-

finitesimal quantity of alinit would be like a drop of water added

to a reservoir, and in the struggle for life between these myriads of

soil bacteria there is a question whether one B. ellenhachiensis in a

million other forms would be certain of a maintained existence, or at

any rate be liable to multiply to a degree in excess of the others, suf-

ficient to produce appreciable results.

If soil bacteria in general, as is probably the case, have any im-

portant relation to nitrogen assimilation, more is to be gained in

following those methods already set forth, which aim to provide for

the best development of soil bacteria in general.

At best, the gain of nitrogen from the use of artificial cultures,

or from the stimulation of the development of any nitrogen assimi-

lating bacteria already present, will be far below the demands of

agricultural plants, and also inferior to the means which we have in

the utilization of leguminous plants in our systems of rotation.

9. Recent Researches on Nitrogen Assimilating Bacteria of

Soils (Oligonitrophiles. )

In 1901, Beijerinckf made a most important contribution to our

knowledge of nitrogen assimilating bacteria of the soil. To this

class of organisms he gives the name Oligonitrophiles.

To the oligonitrophiles belong two classes of organisms (1) the

lowest microscopic algae, the Cyanophyceae and (2) the bacteria.

He showed that by seeding soils to solutions containing tap-water

and Ko H Po^ and exposing the cultures to the light, an abundant

growth of certain Cyanophycae would result, and that certain of

these possessed quite active nitrogen assimilating properties.

By seeding soils into solutions containing potassium phosphate,

carbonate of lime acid some carbohydrate such as dextrose or mannit.

•Since the above was 'written, Severin has probably shown that B. ellenhachiensis Is a dis-
tinct species distinct from B. megatherium. Spc. Ccntralblatt f. Bakteriologrie, 2 te. Abt. VTII.
1901.

tBeijerinck. Centralblatt f. BaktPriologie. 2 t Abt. VII. 1901. 562.
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and protecting from the light, a giowtli began to develop ou the

surface of the medium composed of a peculiar large, round to oval

celled organism, not unlike yeast cells, to which he gives the name

Azotohacter Chroocnccum. This latter organism Beijerinck found

later on to bear a most important relation to nitrogen assimilation.

A little later Gerlach and Vogel* succeeded in isolating from gar-

den soil the Azotobacter of Beijerinck.

In the medium composed of dextrose 2 parts; patassium phosphate,

sodium chloride, calcium chloride each 0.5 parts; and ferrous sul-

phate 0.1 part, theJ isolated and grew this organism in pure culture.

Analyses of the culture at seeding, and after three weeks growth

showed a gain of 5.1 to 18.0 grams of nitrogen in 1,000 c. c. of culture.

According to these investigators Azotobacter Chroococcum appeared

to possess, when growing in pure culture in nitrogen free media, the

power of utilizing free atmospheric nitrogen.

In a later communication, however, Beijerinck challenges this as-

sertion, claiming that the cultures of the former authors were not

pure cultures of Azotobacter, but mixed with other forms very dif-

ficult to separate.

Furthermore, Beijerinck showed that Azotobacter alone, in pure

culture, was devoid of nitrogen assimilating power, and possessed it

only when growing in symbiosis with other forms.

Beijerinck in his study of the Oligonitrophiles of the soil, or of

those organisms which grow in media containing mineral salts and

some carbohydrate such as dextrose or mannit. and therefore devoid

or containing but a trace of nitrogen, isolated three types of bac-

teria—(1) The Azotobacter, with which is associated (2) several

species of Granulobacter, and (3) Radiobacter.

The Azotobacter is a strict aerobe and grows only on the surface

of the medium. It is what the author terms a macroaerophile.

The Granulobacter are large spore bearing bacilli of the Clostri-

dium type, and when grown in saccharine media show the granulose

reaction. They, therefore, belong to the same type as Oloatridium

pasteuranum of Winogradsky.

The Radiobacter, characterized by their polymorphic habit, and

commonly radiate arrangement of the cells, are, possibly, closely re-

lated or identical with B. radicicola of leguminous root tubercles.

Both Granulobacter and Radiobacter while they do grow singly,

grow best in symbiosis with Azotobacter.

Furthermore, both Granulobacter and Radiobacter singly possess

only feeble or negative nitrogen assimilating properties, but when

grown in symbiosis with Azotobacter there is a gain of nitrogen of

from four to seven milligrams per gram of sugar, in the medium, as-

similated.

•Gerlach and Vogel. Centralblatt f. Bakterlologle, 2 t Abt. VIII. 1902. p. «74.
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Nitiogen assimilation, therefore, appears to be the work, not of a

single organism, but of two or more growing in symbiotic relationship

to one another.

Symbiosis is a term which has been frequently misapplied, it be-

ing confounded with mixed infection, and concurrent growths of two

organisms. jS[utual advantage should be the test of symbiotic re-

lationship. Two organisms which grow together, grow symbiotically

when they live to mutual advantage. An aerobe, or macroaerophile,

in its greed for oxygen robs the medium of this element, and makes it

better fitted for the development of an anaerobe. Thus B. subtlUs

and B.'tetani may grow together in the same medium to their mutual

advantage, or in symbiotic relationship. Frequently we do not

understand in what this mutual advantage consists, although the

fact exists as in the symbiotic relationship of clover to the root

tubercle organisms.

Beijernick some years ago pointed out that certain organisms,

while not strictly anaerobes, thrive best under a diminished supply

of oxygen, or in other words, under diminished pressure of atmos-

pheric oxygen.

These organisms he terms Microaerophiles.

If some form of Microaerophile be included in a hanging drop,

the bacteria instead of grouping themselves at the periphery of the

drop, as in the case with the aerobes or macroaerophiles, will keep

within a circle some distance within the so called respiration line

where there is diminished oxygen pressure.

Beijerinck showed that the Granulobacter are microaerophiles,

and, as such, grow best when associated with some macroaerophilitic

form like Azotobactcr, which by its urgent demand for oxygen is

capable of ridding the medium of that portion of oxygen which in its

fullness would be unfavorable to the development of the Granu-

lobacter.

Nitrogen assimilation, therefore, not only becomes a question of

two organisms living in symbiosis, but of two organisms possessing

distinct physiological properties; of Macroaerophiles with micro-

aerophiles.

Whether their exact relationships are always necessary is, how-

ever, a question which may be reasonably doubted.

24
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SOME COMMON INSKCT PKSTS OF THE FAR-
MER.

ByU. T. FERXAl.n, Pn.l)., T)fpartm<tit of Entoiiu/ldgij. Massachusetts AgrlcuUiiral College, Amherst,

Massadiusetts.

The loss to crops caused by the attacks of insect pests is rarely ap-

preciated. A quarter of a century ago even those who studied the

subject considered this loss as being about one-tenth of the total

crop. To-day this is recognized as being too low and estimates of

fifteen, twenty and even twenty-five per cent, are often met with.

Whether the earlier estimates were too low, seems doubtful, it being

more probable that the actual amount of loss has increased with the

increase of continuous acreage taken by man; by the introduction of

over seventy-five of the worst pests of foreign countries; and by the

decrease in number of our insectivorous birds. To-day every acre

tilled, every fruit tree, every vine and every stalk of grass contributes

of its substance for the sustenance of insects, and it is probable that

before many years pass, every crop must be so treated as to prevent

loss by their ravages, if any profit whatever is to be obtained.

Some of the most frequent and seriously injurious insects with

which farmers in Pennsylvania meet are considered in this paper,

and, in order to combat these insects intelligently, a knowledge of

their lives is necessary; hence a brief outline of the life history is

given in each case, in addition to the methods of treatment most

generally found to be successful.

THE HESSIAN FLY.

(Cecidomyia destructor Say.)

The Hessian Fly is an insect which causes great loss to the wheat

crop in Pennsylvania as well as in all the wheat raising States. This

loss varies in amount from year to year; but is always considerable

and may be as much as three-quarters of the entire crop.





Fig. 1.—The Hessian Fly.—A. Male Hessian Fly, much enlarged: B, Female, also much en-
larged: C. egjs; D, maggot: E. Flaxseed stag3: F. piece of stalk showing fly. natural size, laying
eggs: G, stalk of wheat injured at a. by the fly. The fine lines beside C. D. and E. show the true
length of these stages, the drawings being enlarged.— (Modified from Riley)
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Life History.

There are two broods of this insect each year. The adult ilies

usually appear iu Au<;ust aud September and lay their eggs on the

leaves of the little wheat plants, placing from one to twenty-five or

thirty eggs on a leaf and laying from one hundred to one hundred and
fifty eggs in all (Fig. 1, F.). The eggs are very small, reddish, oval

in outline (Fig. 1, C), and usually hatch in four or five days, produc-

ing tiny white maggots which crawl down the leaf to the stem, then

down between the stem and leaf shealh to the joint near the level of

the ground. Uere they remain, sucking the sap until cold weather

comes, by which time they w-ill have become about an eighth of an

inch long (Fig. 1, D.). They then turn brown and become the well-

known "flax seeds" so common in wheat fields during the winter.

In this condition (Fig. 1, E.) they remain till spring when changes

inside the ''flax seed" produce the fly which escapes to lay eggs for

the second or spring brood.

The eggs of this brood are laid as before on the leaves of the wheat,

but usually higher than those laid in the fall, so that the maggots
which hatch from these eggs lie above the ground level, just above

the lower joints. Here they remain feeding for about a month, then

enter the "flax seed" stage, from which the adult flies appear in Au-
gust and September to lay their eggs on the young wheat plants

which have newly come up.

The adult fly is about the size of a mosquito, with dusky wings

(Fig. 1, A, B. F.).

Food Plants.

The favorite food plant of the Hessian Fly is wheat, though it

also attacks rye and barley. In some cases it has been reported as

W'Orking in hay fields, but this is probably incorrect. Winter wheat
on which the maggots are feeding has much darker colored leaves

than plants unaft'ected, and tends to stool out freely causing the

plants at first to appear particularly healthy. Later, however, the

plants turn yellowish and die either in part or entirely. Injury to

plants in the spring is chiefly shown by a w^eakening of the stems and

an at least partial failure of the grain on the affected stalks to fill out.

The laterals—tillers—which escaped the attacks of the fall brood are

usually the ones injured by the spring brood.

Enemies.

There are several insects which prey upon the Hessian Fly. Un-

fortunately, they cannot be relied upon to protect the wheat, but only

\o somewhat reduce the loss, and methods for checking the work of

the fly are also necessary.
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Treatment.

There are several ways in which the injuries caused by the Hes-

sian Fly may be reduced, though no one of these is of itself suffi-

cient to give entire protection.

Late fall planting is generally a method of control which is quite

successful. The flies api^ear during the latter part of August and

first of September and by the last of the latter month have died. If

the wheat be planted as late as the twentieth of September, there-

fore, the flies will be gone before it has come up and no eggs will be

laid upon it in most cases. Unfortunately, however, this date is not a

fixed one for different latitudes and elevations. In southcaslern

Pennsylvania it might be necessary to delay planting for a week or

more after this date, while in the higher lands of the northern parts

of the State sowing could perhaps begin as early as the tenth of the

month with success.

The fear that wheat sown as late as the twentieth of September

will suffer the following winter is practically groundless, as a large

amount of growth is unnecessary, for the above ground portions are

mostly destroyed in any case.

One factor bearing on the date at which wheat should be sown to

escape the attacks of the fly, is that of the weather conditions. A
hot, dry August seems to delay the fall brood of this insect, which

accordingly appears later than usual and is able to attack the late

sown wheat. This w'as noticeably the case in Pennsylvania in the

fall of 1900, and in some cases at least, threw discredit on the plan of

late planting.

If sowing after the twentieth of September be practiced, it is quite

important to have co-operation with all wheat-growing neighbors.

If ten or a dozen wheat-growers should agree to plant late, and one

should refuse, the fly will find abundant opportunity to lay its eggs

on the wheat of the latter and thus produce a supply of insects which

will, the following spring, spread to the surrounding wheat fields

and lay their eggs for the spring brood, thus rendering late plant-

ing the previous fall a failure, at least in part.

A trap strip of wheat planted early in August is an excellent, but

too seldom used, method for controlling this insect in connection with

late planting. Such a small strip sown along one side of the field

which is fo be planted later will bo available for the flies to lay

their eggs on, and after egg laying has been accomplished the flies

very soon die, or if they should live would of course no longer be

dangerous to the main crop. This trap strip should be plowed under

before the wheat in the field comes up, thus destroying multitudes of

ihe young.

Burning the stnbble soon after reaping is a valuable treatment, as





Pig 2.—The Wheat-stem Maggot. Adult fly above at left ; injured stalks of
wheat ; piece of stalk split open showing maggot at work ; maggot enlarged,
and a parasite. Fine lines beside the figures show the true length. (Fi'om
Lugger.)
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the spring brood of the fir develops at the lower joints of the wheat

and a great many "flax seeds" of this brood will be left in the field

at harvesting time. Turning the stubble under is also of value

where burning it would be difficult, provided the ground be then

rolled so that the flies which come from the -flax seeds"" will bo un-

able to reach the top of the ground. Some varieties of wheat are

more resistant to the attacks of the fly, than others. Among these

are the Clawson, Mediterranean. Red Cap, Underhill, Dawson"s

Golden Chaff and Prosperity.

The destruction of volunteer wheat is important, as many flies pass

the summer in such ])lants.

THE WHEAT STE:M MAGGOT OK WHEAT BULT5 WORM.

(Meromyza americana Fitch.)

The wheat-stem maggot has long been known as an enemy to

wheat in Pennsylvania, but its habits and injuries so nearly resemble

those of the Hessian Fly. that its woi-k is usually supposed to be

that of the latter insect by those nui familiar with it.

Life Historv.

This insect attacks wheat, barley, oats and various grasses. The

adult fly deposits its eggs on the wheat in September and October

and the maggots which soon hatch crawl down to some joint near

the bulb and feed upon the stalk, cutting it off. They pass the

winter in the stem, become quite pupji^ in April or May and the

adults emerge from these pupfP early in June. These adults usually

deposit eggs on the sheath of the upper leaf and the maggots which

hatch from them feed on the stem near the upper joint, causing it

to wither, and the heads to turn white. The adults produced from

these maggots appear in July and early August and their young at-

tack timothv. blue grass .volunteer wheat, etc.. and mature in time

to produce adults which deposit their eggs in September and Oc-

tober, as alreadv stated, on the voung winter wheat. There are,

therefore, three broods each year.

Treatment.

Little that is successful has yet been discovered in the way of treat-

ment for this insect. Late planting is useless as the insects may
lay their eggs as late as the middle of October. The summer brood

is probably the best place in the life of this insect at which to attack
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it. This brood leeds on volunteer grain and grasses and if a trap

strip of wheat were planted about the fifth of July it would pro-

vide a place for the insects to lay their eggs. This trap strip should

be plowed under about the middle of August thus destroying all the

insects wliich were in it. Whether this treatment will pay, how-

ever, can only be determined in each case by the amount of loss

(laused by this insect.

Fortunately, the wheat-stem maggot is not without enemies which

attack it in .such numbers as to prevent its injuries being far more
serious than is usuallv the case.

THE ARMY WORM.

(Heliophila unipuocta Haw.)

This well known pest preferably feeds upon grasses, and wheat,

oats and corn are therefore favorite articles of food. As it is not

limited to these food plants, however, it frequently is seriously de-

Fig. 3.—The Army Worm Moth, natural
size.

structive to clover, j)eas, apples, cucumbers, barley, rye, etc. With

such a range of plants to feed upon, it is fortunate that this insect

is not often seriously abundant for more than a year or tw^o at a

time.

Life History.

The eggs of the Army worm are laid in the spring and the cater-

pillars which hatch from them become adult moths in June. These

moths lay their eggs for a second brood and the caterpillars of this

brood are often so abundant as to do much damage during the month
of July. About the end of this month, however, the caterpillars

become full grown, cease feeding, enter the ground to pupate and the

moths which emerge from them appear in August and lay eggs for

a third brood. The caterpillars of this brood are sometimes so
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abundant as to cause much injury, but it is more usually the case

that those of the second brood are the ones whose ravages are most

seriously felt. The caterpillars of the third brood usually reach

the moth stage before winter, but those which fail to develop so

far, pass the winter in whatever condition they may happen to be

and become adult the following spring. It is possible that in south-

ern Pennsylvania a fourth brood may be able to develop, particularly

in years when there is a late fall.

Injuries.

The first brood of caterpillars does but a moderate amount of dam-

age, eating holes in the leaves. When the food available has all

been eaten, the caterpillars search for more, starting off together

and forming the "armies" which have given to this insect its name.

This almost never occurs with the first brood, however, and only

ui intervals of several years with the second or third broods, the in-

sects not being usually so abundant as to exhaust their food supply.

Upon reaching food, the caterpillars begin their work and strip every-

thing as they go, and when full grown, either under ground or among
leaves and grass, become quite pupae from which the moths sub-

sequently emerge.

Parasites and Treatment.

The Army worm has a number of parasites which feed upon it

and their activity is probably the reason why this insect is not

more often a serious pest. Among its most efiicient foes are two
kinds of flies which occur in large numbers where the Army worm
is abundant.

Parasites, however, sometimes fail to destroy enough Army
worms to prevent much loss, and in such cases, treatment must be

resorted to. Where a field is thoroughly infested by these pests,

little can be done, but when the caterpillars begin their march for

more food, an excellent practice is to plow a furrow across their line

of march, throwing the earth towards the advancing army. In order

to cross this furrow each caterpillar must crawl over the loose earth

thrown up, then cross the bottom, and finally crawl up the steep

side. At intervals of a few feet along the bottom of the furrow, holes

may be dug (or bored with a post hole auger if the ground will per-

mit) and many of the caterpillars will collect in these holes, which

may with advantage be made as much as two feet deep. A band of

gas tar placed along the bottom of the furrow may be used to hold

the caterpillars, w^hen it can be obtained, and sometimes straw scat-

tered along in the furrow and set on fire when covered by the cater-
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pillars has proved useful. When the army is large, two furrows a

few feet apart may be needed to check its advance.

Sometimes the progress of the caterpillars can be checked by

heavily spraying a strij) of field at the edge they are approaching,

with Paris green. The insects coming to this strip first, feed upon
it and are poisoned. Care should be taken, however, in such cases,

not to feed any of that part of the crop thus sprayed, to stock.

WIRE W OEMS.

(Elater sp.).

The injuries caused by wire worms are frequently quite serious,

and as the work of these insects is upon the roots of plants it is diflfl-

cult to control them. In reality, wire worms are not adult insects,

but the young of "Snapping beetles" or "Click beetles" as they are

Fig. 4.—Wire Worms. B, side view of a wire worm: A and C.
adult of wire worm (click-beetles).

often called, from the habit they have when placed on their backs, of

suddenly "snapping" themselves in such a manner as to throw them-

selves into the air, when they in most cases can fall on their feet.

There are many kinds of snapping beetles in the United States

and a corresponding number of kinds of wire worms, their young. A
few live under the bark of trees or in decaying wood; most, however,

live in the ground and feed upon seeds and the roots of various plants,

often causing much loss.

Life History.

The eggs of these insects appear to be laid in the spring usually

and from them the little wire worms soon hatch and begin to feed.

It generally takes several years before the little wire worms have

fed enough to become full grown, but when this condition has been

it^ached each forms a little cell in the ground, during the latter part

of the summer, and in this cell changes to an adult snapping beetle,

which remains in the cell till the following spring.
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Treatment.

Treatment for this pest is not usually possible by means of

poisons though in some cases their numbers might be reduced by

such methods.

Probably the best way in which to control wire worms is by late

fall plowing, repeated for two or three years. This destroys the

wire worms by bringing them up to the surface of the ground where

exposed to the freezing and thawing of the winter, many will perish

or be devoured. Breaking the cells above described appears to cause

the death of the insects which occupy them, and thus fall plowing

is useful for the destruction of this stage as well. Rotation of crops

is unfavorable to the increase of wire worms and should also be prac-

ticed for this reason if for no other.

THE ANGOUMOIS GRAIN MOTH.

(Sitotroga cerealella Oliv.)

This insect is an important enemy to wheat and corn in Pennsyl-

vania, often causing much loss, particularly when appearing dur-

ing the fall after the attacks of the Hessian Fly have greatly reduced

the amount of wheat produced.

The Angoumois grain moth has been present in this country for

many years, being most injurious in the south where the longer sea-

sons permits a greater number of broods than is possible in northern

latitudes. In Europe it is also a pest and takes its name from a

province of France where it has caused much loss.

Life History.

The moth of this insect is very small, about the size of the clothes

moth, and yellowish in color. It appears in the spring, usually dur-

ing May and June, and lays from sixty to ninety eggs. These are

laid separately and if on wheat, are j^laced in the furrow on the side

of the kernel itself, one on each grain. The little caterpillar which

hatches from the egg bores into the grain and feeds upon its con-

tents until it is full grown, this process requiring about three weeks.

At the end of this time the caterpillar is about one-fifth of an inch

long and little of the grain is left except an outside shell. The cater-

pillar now cuts a part of a circular slit in this shell, leaving just

enough of the circle uncut to hold the piece in place, and then forms a
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silken cocoon around itself within the grain. In this cocoon it trans-

forms from the caterpillar to the moth and when this change has been

completed the moth pushes out the circular piece cut by the cater-

pillar in the surface of the grain, and escapes. This usually occurs

in August, and the moths, therefore, find themselves either in the

stack, when threshing has not yet been completed, or wherever the

grain has been stored. They now proceed to lay the eggs for a

second brood which has a similar history. The work of this brood,

like that of the first, is generally overlooked until the moths ap-

pear, at which time the abundance of the little ''millers" around the

bins and granaries, and the holes in the grains become noticeable.

If the temperature of the place where the grain is stored be high

enough, the moths lay their eggs for a third brood and if conditions

permit will continue breeding through the winter. Usually, how-

ever, in Pennsylvania but two broods occur, and the insect passes the

winter in whatever stage it happens to be when cold weather over-

takes it.

Parasites and Treatment.

There are two foes to the Angoumois grain moth in Pennsylvania

—a mite, and a minute insect known as C'atolaccus. The latter has

been quite abundant in this Commonwealth and has prevented some

loss, but has failed to control the grain moth. Treatment should

therefore be resorted to.

For the first brood of the grain moth nothing can be done as the

insect is working inside the grain while it is yet uncut in the fields.

After harvesting, however, the second brood can be cheaply and

easily handled.

In order to successfully treat the grain at this time, it is desirable

to thresh it as soon as possible after harvesting. Then when the

grain has been placed in the bins it can be fumigated with carbon

bisulfide and all the insects destroyed.

To properly use the carbon bisulfide, the following directions

should be followed: See that the bin is tight and that it can be closed

so as to be fairly tight at the top, though this is less important.

Place shallow dishes on the top of the grain and pour the carbon

bisulfide into these; then close the bin and leave it undisturbed for

twenty-four hours, after which the cover may be lifted and the bin

left to air for an hour. Now stir over the grain to find if all the in-

sects have been killed, and if any remain (which is not usually the

case) repeat the treatment.

The quantity of carbon bisulfide to use depends on the size of the

bin, the usual amount being one pound (costing twenty-five or thirty

cents) to every thousand cubic feet contained in the bin. Thus one

pound would be suflScient for a bin ten feet wide, ten feet long and
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ten. feet high, and the amount of grain contained in it does not mat
ter. To advantageously use the bisulfide in a bin, it may be di-

vided between several dishes set on top of the grain, and as it be-

j.nus to pass off as a gas into the air at once, the lid should be closed

as soon as the bisulfide has been placed in the dishes. The gas it

forms is heavier than the air and sinks through the grain, killing

all the insects it reaches.

Two precautious in using this method should be mentioned.

Avoid breathing the gas as far as possible as it is very disagreeable

and in sufficient amount might be injurious. Avoid using the gas

near flame or much heat of any kind as it catches fire easily and a

lighted pipe in. the mouth of a workman close by, or a lighted

lantern within a few feet of the bin during the time treatment is go-

ing on might produce serious results. No injury of any kind is

caused to the grain by this fumigation, and seed wheat seems to be

as good for sowing afterwards as before.

This method of fumigation is also excellent for the destruf^tion

of the pea and bean weevil and other insects, and can also be used

for the destruction of insects in cereals, meal, ground tobacco, and

in fact in anything which can be placed in a box or bin tight enough

to prevent the escape of the fumes of the bisulfide for a period nf a

day or more.

THE CODLING MOTH.

(Cydia pomonella Linn.)

The Codling moth is perhaps responsible for more of the loss to

our apple crop than any other insect. Its caterpillar, generally

called the "apple worm," begins its attack soon after the fruit forms

in the spring and destroys multitudes of apples before they are more
than one-third grown. These are seldom taken into consideralion,

only those which are wormy later in the season being noticed. But
these form a large proportion of the gathered crop where no treat-

ment for the control of this insect is carried out, and the loss in the

form of second or third class, where first class fruit could otherwise

be obtained, reaches millions of dollars nearly every year—a loss

which is wholly unnecessary as it can in large measure be avoided.

Life History.

The Codling moth spends the winter in the caterpillar stage

snugly hidden under some loose piece of bark on the trunk of the

apple tree or in equally protected places near by. In April usually,
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the caterpillar becomes a quiet pupa the skin of which is dnik brown,

and in this form remains for two or three weeks. At the end of

this period the pupa opens and the adult Codling moth appears soon

Fig. 5.—Apple, cut to show work of Codling Moth, with
caterpillar leaving, at the side. Natural size.

after the apple blossoms have fallen and the fruit which has "sef
is beginning to enlarge. The eggs are now laid, one in a place, on the

side of the apple, on its stem, or on a twig or leaf near by, a single

moth laying between fifty and a hundred eggs. These eggs hatch

in about a week and the tiny caterpillars crawl to the fruit to begin

feeding. Probably about eighty out of every hundred of these cater-

pillars enter the apple at the blossom end which now faces upward
or outward, but which as the apple grows larger will turn down with

it until it is beneath the apple. Here at the blossom end of the fruit

the caterpillar crawls in between the five little green projections

(calyx lobes) which later dry up and turn black, and begins to eat into

the substance of the apple, usually working to and around the core

where it feeds for nearly a month or until it is full grown. It then

eats its way to the outside of the apple and leaves it to find a place

in which to become a pupa. If the apple it has fed in be still on the

tree, the caterpillar on leaving it will probably crawl down the trunk

until it finds a piece of loose bark beneath which it can crawl. Here

it gnaws out an oval hollow in the bark, lines it with silk and be-

comes quiet. If the apple has fallen, however, any protected place

the caterpillar can find will be taken in which to form its silk co-

coon. This change usually occurs during July and the caterpillar

may either remain quiet until the following spring, or in some cases

become a pupa from which the adult moth soon comes to lay eggs for
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a second brood. It is probable that both of these alternatives occur

in Penusylvauia, some of these insects having two broods each year

while others have but one. In cases where there is a second brood

the eggs are laid in August or September, and the caterpillars feed

as is the case with the spring brood except that a much smaller pro-

portion appear to enter the fruit at the blossom end. If the cater-

pillars reach full growth before the apples are gathered they leave the

fruit and conceal themselves under bark or elsewhere as already de-

scribed. If carried in the apples to the bin, however, they find

places in which to pass the winter, in crevices of the bin, or any

place which may be available, forming pupse there in the spring,

like the others.

Treatment.

From the life historv above outlined, the best treatments avail-

able for this insect are evident. As the majority of the caterpil-

lars feed first at the blossom end of the apple, and as these ends face

upward at this lime, spraying a few days after the blossoms fall,

with Paris green or arsenate of lead, will, if properly done, place a

little of the poison in the blossom end between the calyx lobes, just

where the caterpillars will begin to feed. This method of treatment

has been successful wherever tried. One precaution is necessary,

however. The calyx lobes at first stand apart, making a sort of

cup into which to spray the poison. After a short time, however,

they draw together closing this cup and it is then too late to spray

in this manner with success.

The habit the caterpillar has of crawling down the trunk of the

tree and hiding under some loose piece of bark during July, also gives

an opportunity for treatment. The bark of the trunk and larger

limbs of each tree should be carefully scraped about the twentieth

of June, to leave no places under which the caterpillar can hide.

Then a band of several layers of paper loosely tied around the trunk

will provide a place in which they may gather. If these bands be

turned over once a week during July and the first of August, and the

caterpillars destroyed, many will be prevented from becoming adult

to cause loss later. Birds aid in this work, often regularly visiting

these bands and feeding on the caterpillars.

Fowls in the orchard destroy many of the caterpillars which have

fallen to the ground in the fruit; careful cleaning of the apple bins

and other places near where apples have been stored, early in the

spring, will destroy many more, and if all these methods are made
use of, the increased profit from the sales will many times more
than pay for the cost and labor involved.
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THE APPLE-TREE TENT CATERPILLAR.

(Epicnaptera americana Harr.)

This familiar pest on our apple trees is of importance only when
neglected, as its presence becomes evident at an early stage. It

feeds on the cherry, plum, peach and wild cherry as well as on the

apple, and its tents at once call attention to its presence whenever

they appear. It should be remembered, however, that the tents of

Fig. 6. -Tent of Apple-tree Tent Caterpillar. Ou the lower branch
at the right is the egg mass from which the caterpillars hatched.

this insect appear in the spring, while similar ones which become

noticeable in the summer and fall are produced by other kinds of

insects.
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Life History.

The eggs of the apple-tree tent caterpillar are laid in July in the

form of a ring or band around some small twig, each band contain-

ing from one hundred to three hundred eggs. At the edges the band

which is half an inch or more in width is beveled down to the twig.

The whole band is then covered by a brownish substance which hard-

ens and forms a sort of varnish which conceals the individual eggs

beneath.

The egg bands remain on the twigs from July until the leaf buds

begin to open the following spring. At about this time, however, the

eggs hatch and the little caterpillars crawl to some fork near by

where they spin a tent, small at first, but enlarged from time to

time as the caterpillars grow. From this tent the caterpillars go

to feed, mornings and afternoons, returning to it at night, and in

part, at least, about noon. Most of them also stay in the tent dur-

ing rainy weather.

The caterpillars feed for five or six weeks before becoming full

grown. As this condition is reached, each leaves the tent to find

some protected place in which to spin a loose silken cocoon, within

which it transforms from the caterpillar to the adult moth, a pro-

fess requiring from two to three weeks. This change having been

completed the moth appears sometime in July, and the eggs are laid

from which caterpillars will appear the following spring. There is

therefore but one brood a year.

Injury.

The amount of injury caused by this insect varies with its abund-

ance. A full grown caterpillar will eat about two leaves a day

and one tentful will therefore consume from two to six hundred

leaves in this time. Averaging this rate of food consumption for

the entire time they are feeding, we find that a tent containing two
hundred caterpillars will consume over four thousand leaves in all.

A vigorous tree would probably feel this but little, but a small tree,

or a large one with a number of tents on it would be obliged to turn

its energies to the putting forth of new leaves to take the place of

those lost, just at the time when those energies should be devoted

to the maturing of its fruit.

Treatment.

The treatment for this insect is simple, the fact that the caterpil-

lars return to the tents at night making it easy to destroy these when
all the caterpillars are together, either by means of a torch held under

the tent, or better, by crushing tent and caterpillars with a gloved
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hand. In using the torch many of the insects drop to the ground

and escape, while the flame is injurious to the tree—both being ob-

jections avoided by the other method. Spraying the tree with ar-

senate of lead or Paris green when the tents appear is also a suc-

cessful treatment.

The eggs masses are often very noticeable, purlieularly while tlie

trees are leafless, and should be cut off and burned, and every fruit

grower should see that no tents of this insect should be permitted

on the wild cherry and other trees along the roadsides near his or-

chards, unless he is prepared to find them present on his fruit trees

the following spring, as a result. The continued presence of this in-

sect in an orchard is evidence of neglect.

THE ROUND-HEADED APPPLE-TKEE BORER.

(Saperda Candida Fab.)

This insect is "next after the codling moth, the worst enemv to

apple culture in America." The greater portion of its life is spent

beneath the bark of the tree where it is only accessible to its enemies

in a limited degree.

Fig. 7. —Round-headed Apple-tree Borer. A, Adult Beetle; B, full-grown grub. Both
enlarged.

Life History.

The adult beetle which is rarely seen is about three-quarters of

an inch long, grayish in color, and with two white stripes along its

back. It lays its eggs during June, July and August in slits in the

bark, usually near the ground. The young beetles which hatch in

two or three weeks after the eggs are laid, bore into the inner bark

and sapwood where they feed, making shallow cavities, often so near
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the surface that tlie bark over these cavities cracks and some of the

"sawdust" falls out. During the winter the borers are quiet, but

resume their work the following spring. During this second year

the}' work deeper into the tree, boring in the heart wood, but at the

approach of winter become quiet again. The next spring they bore

out to the bark and then become quiet pupae for a short time, after

which the adult beetle formed from the pupa during this stage

gnaws through the thin layer of bark left over the hole and escaj)es.

Food Plants.

This borer works in the trunks of the apple, pear, quince, thorn,

English hawthorn. Mountain ash, June berry and other trees.

Treatment.

To prevent this insect from laying its eggs on the tree, a wrapping
of several thickness of paper may be placed closely around the trunk.

The paper should be covered by a little earth at the bottom and
reach up about two feet, and be closely tied, so that the beetles can-

not get between it and the trunk. The wrapping should be applied

about May 10th and remain at least until September.

Wire window-screen netting can also be used for this purpose, care

being taken that the lower edge of the netting be covered by the

earth, and that some little space is left between it and the trunk ex-

cept where it is fastened tightly around the tree about two feet

above the ground. A protector of this kind will last for several years

and if properly applied in the first place, will need no attention.

Either of these methods will protect the lower part of the trunk;

but as the beetle sometimes lays its eggs higher up, it is advisable

to whitewash the trunk from the lowest fork down to the top of the

protector at the time when this is put in place.

When borers are already in the trunk, their presence may often be

discovered by the accumulation of sawdust around the base. In
such cases the insects may be cut out with a knife, or if they are too
far in to be conveniently reached in this way, a sharp-pointed flexible

wire may be used with which to follow the hole and pierce the borer.

Frequently when the burrow can be found, the most convenient

treatment is to pour a little carbon bisulfide on some cotton, place

the cotton in the hole and then plug up the hole outside, leaving the
fumes of the gas to kill the borer.

26—6—1902
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THE PLUM CURCULIO.

(Conotraclielus nenuphar Herbst.)

The plum curculio is the cause of more loss to plum growers in

this State than all other insects combined, fifty, sixty or even sev-

enty-five per cent, of the plums often being destroyed by its attacks.

Quite a part of this loss can be avoided, however, by using the proper

methods, while if these are neglected the insect as it becomes more
abundant in an orchard will also attack apples, pears, cherries and
peaches, injuring the appearance of these fruits and thus lessening

their value, even when it does not prevent their reaching maturity.

Life History.

The plum curculio in its adult state is a little beetle about a quar-

ter of an inch long, dark in color but with a few whitish markings on

its roughened back, and with a snout on its head. It passes the

winter hiding in any protected place it can find, and makes its ap-

pearance about the time the leaves open in the spring. While wait-

ing for the plums to form, it feeds on the young leaves somewhat
though doing little damage in this way, but w^hen the blossoms have
fallen and the plums have begun to grow, it proceeds to lay its eggs.

To do this, it makes a small hole in the plum with its snout and in

this hole it deposits an egg. It appears to realize, however, that un-

less farther precautions are taken, the rapid growth of the hard

young plum will crush and destroy the egg, and it therfore cuts a

crescent-shaped slit near wiiere the egg was placed. The result of

this is that the flesh of the plum between the egg and the slit wilts

and remains soft, and crushing of the eggs is thus prevented. Each
curculio lays from fifty to one hundred eggs in this way and plums

with six or eight slits and egg holes are frequently observed.

The eggs thus laid soon hatch and the young grubs eat into and

around the stone, while the surface of the plum where the slits were

made becomes gummy.
Around the stone the grub feeds till it is full grown, the time re-

quired for this being usually about three weeks. The grub then

leaves the plum (which frequently falls oft" before this time, because

of the presence of the grub) and enters the ground where it becomes

quiet and transforms to a pupa from which the adult curculio ap-

pears a month of more later. Apparently this curculio does no in-

jury during the remainder of the summer and fall but appears after

wintering in some secluded place, to lay its eggs the following

spring.
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Treatment.

No one method of treatment is sufficient for this pest, but if the

three given below be practiced, much loss will be prevented.

1. It has already been stated that in the spring the adult curculios

feed on the young leaves until the plums have begun to grow. This

fact may be taken advantage of by spraying the trees with Paris

green, or better, with arsenate of lead just before the blossoms open,

and repeating this treatment as soon as the blossoms have fallen.

Do not spray while the trees are in blossom.

2. The adult curculios during the time they are feeding and laying

their eggs, are sluggish mornings and evenings, though they will fly

freely during the heat of the day and also on warm nights. This

liabit is successfully utilized by plum raisers who spread out sheets

under the trees early in the mornings and then jar the trees by strik-

ing the trunks with a heavy mallet. The curculios fall onto the

sheets and are gathered and destroyed. An improvement on this is

to stretch canvas over a frame having sloping sides, and at the center

oj)ening into a tin can containing a little kerosene. A slit from the

juiddle of one side to the center is not covered by the canvas but is

left open so that the trunk of the tree may pass in through this to the

center of the frame. A strip of canvas sewed to one side of the slit

is then turned over to cover it and the canvas completely covers the

ground under the tree. Such a frame mounted on a wheelbarrow

can be conveniently and rapidly used and the curculios which fall

upon the canvas when the trees are jarred, roll down the sloping sides

of the frame and into the can of kerosene in the center. Plum or-

chards of hundreds of trees are everv vear treated in this wav with

great success, the trees being jarred every other morning.

3. The above methods will prevent multitudes of the curculios

from laying a part or even any of their eggs, but it is equally im-

portant to destroy as many as possible of the grubs coming from

eggs which have been laid. As a large proportion of the plums
which have been "stung" by the curculios drop early, and as these

grubs are readily eaten by fowls, it is advisable to let poultry and

also hogs run freely in the orchards, or if this is not practicable, to

gather the fallen plums and destroy them twice a day if possible,

beginning about a week after the second spraying.
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THE PEACH-TREE BORER.

(Sanninoidea exitiosa Say.)

The Peach tree borer is one of the most serious enemies with which

peach growers in this country have to contend. Much attention

has recently been paid to this insect and many experiments have been

Fig. 8.—Peach Tree Borer. Plum root showing woi'k of borer; 2 a.

pupa case; b, male moth ; c, female moth ; 3, two grubs somewhat enlarged
(From Sirrine.)

made with a view to protecting the trees from its altacks, the re-

sults of which have somewhat changed our ideas as to the best

methods to follow.

Life History.

The adult borer is a rather pretty, clear-winged moth, rarely seen

by the peach grower. It appears in Pennsylvania early in June and

lays its eggs on the bark of the peach tree, preferably near the

ground, though they are sometimes placed as far up as the crotches

of the lower branches. The egg soon hatches into a little grub

which eats its way through the bark to the sapwood where it lives

till fall, its feeding causing the production of masses of gum on the

bark just outside where the borer is at work. At the approach of

winter the grub ceases its work, but resumes operations again the

following spring, and feeds until about the last of May or until it is

full grown, when it is about an inch long. It then forms a quiet
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pupa wliich changes to the adult moth aud leaves the tree early in

June to lay its eggs for the next generation.

Treatment.

More than tweut}- different methods of treatment for this insect

have been tested at different times, most of them proving of little

value. Only those which have given the best results are considered

here.

Mounding.—This treatment seems to be quite effective, keeping

cut "from one-half to seven-tenths of the borers." The earth should

be mounded up around the trunk of the tree to the height of a foot or

more, about the first of June, aud should remain there till about the

last of August, each year.

Paper Protectors.—These may be either of tarred paper or of sev-

eral thicknesses of newspaper. The paper should be closely wrapped

around the trunk, the lower edge of the wrapping being covered by

the earth, and the upper edge being at least fifteen inches from the

ground. The times of applying and removing the wrapping should

be the same as for mounding.

Cutting Out.—This treatment is of course remedial rather than

preventive and should be used together with the other methods

jiiven. It is desirable to cut out the borers in the fall before they

have done much damage, but they are so small at that time that

many are always overlooked, and it is therefore better practice to do

this work about the first of May when the borers are large enough

to be easily found. If cutting out each spring be followed by mound-

ing or by wrapping the trunks as already explained, much of the

loss by the attacks of the peach-tree borer can be prevented.

THE PEACH-TWIG BORER.

(Anarsia lineatella Zell.)

This insect is very abundant in Pennsylvania and does much dam-

age though its presence is in most cases unknown to the peach

grower, who, for this reason, is not aware of his loss from the attacks

of this tiny moth.

Life History.

The little caterpillars of the peach-twig borer pass the winter

in the spongy bark, chiefly of the smaller crotches of the tree, in small

cavities they hollow out and which are marked by small masses of
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mixed bark and excremenl projecting from the openings of the

cavities. In the spring the eaterpilhus leave these cavities and pass

to the leaf buds which thej bore into, following along in the stem

bearing the bud, eating its substance and causing the leaves to wilt

and die. At this time their presence may be discovered by looking

for the wilted tufts of leaves which are very noticeable among the

others not thus allected. After boring out one shoot the caterpillar

passes to another which it destroys in the same way, and it may at-

tack several before becoming full grown. When the caterpillar has

reached full size, it forms a small w^eb either in withered leaves on

the tree, in leaves or rubbish around the tree, or it may lie exposed

on the bark. In either case it now remains quiet for a week or ten

days, at the end of which time the internal changes necessary having

been completed, the adult moth appears and lays eggs for a new
brood. The caterpillars which hatch from these eggs attack new
growth of the tree, entering the young twigs where these give off

leaves, or sometimes entering the stems of the young fruit, and later,

in some cases, boring into the fruit itself. This history is probably

repeated by the next brood, and in the fall the eggs for the third

brood are probably laid on the bark and the little caterpillars burrow

into the bark to pass the winter. There are therefore three broods

each year.

Injuries.

The spring brood which passes the winter in cavities in the bark

at the crotches, is the one which is most noticeably injurious. As it

hores into shoot after shoot in the spring, the number of these which

are killed when the insect is abundant is very great, often several

hundred of the young shoots on a single tree being destroyed. The

result of this upon the tree is to make it scraggy and irregular and

to cause it to expend its energy in the formation of new growth at

a time when this energy should be devoted to the production of fruit.

Treatment.

The best method of control for this insect which has as jat been

found, is to spray the trees in winter to destroy the caterjiillars which

are then in cavities in the bark at the crotches.

To successfully carry out this method it is advisable to lightly

scrape the larger crotches with some blunt edged instrument—

a

hoe has been found to be well adapted to this purpose. After scrap-

ing in this way the tree should be sprayed with kerosene emulsion,

made and applied as follows:

Kerosene, 2 gallons.

Whale-oil soap, ^ pound.

Water, 1 gallon.
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"The soap, first finely divided, is dissolved in the water by boiling

and immediately added boiling hot away from the fire to the kero-

sene. The whole mixture is then agitated violently while hot, by

being pumped back upon itself with a large force pump and direct

discharge nozzzle throwing a strong stream, preferably one-eighth

iiich in diameter. After from three to five minutes pumping the

emulsion should be perfect and the mixture will have increased from

one-third to one-half in bulk and assumed the consistency of cream.

Well made, this emulsion will keep indefinitely, and should be diluted

only as wanted for use.'' To use it, add six gallons of water to a

gallon of the emulsion or at that rate. If hard water must be used

either in making or in diluting the emulsion for use, add about one-

quarter more soap. Spray long enough to thoroughly wet the bark,

but not long enough to let the emulsion stand in the crotches in little

pools as this would have an injurious effect upon the tree.

PLANT LICE.

(Aphididae.)

Plant lice or Aphids are alwaj's an important pest to crops and to

flowers as well. They appear early in the spring, often before the

plants they feed upon have made a good start, and as they multiply

with great rapidity, sometimes cause much loss.

Nearly every plant, shrub and tree has one or more kinds of plant

lice which attack it, and in seasons favorable to their rapid increase

may so check growth as to seriously injure the crop.

Among the most important plant lice with which the farmer and

fruit grower come in contact are the wooly apple louse, often present

along scars on apple limbs in the fall, and very noticeable because

of the white wooly threads it produces; the green apple louse, often

so abundant in spring on the leaves; the black louse on the plum;

the wheat Aphis; the pea-vine louse; the cabbage louse; the currant

louse; the rose louse and the corn Aphis.

In many cases the first evidence of the presence of plant lice is the

curling of the leaves which is often particularly noticeable on cherry

and plum trees in May. Often, however, the plant lice are not seen

in large numbers till later, in the summer or even fall.

Life History.

No accurate description of the life history of plant lice in general

can be given, as different species of these insects have different

histories. A few general facts, however, will apply to nearly all.

In a general w^ay it may be stated that plant lice pass the winter
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in the egg state, and hatch about the time the buds open in the

spring. Each is then a tiny insect with six legs and no wings, which

crawls about and sucks the sap from the plant on which it is by

means of a sharp-pointed beak which it thrusts through the bark

or epidermis of the plant till it reaches the sap. In the course of a

few days it becomes adult and begins to produce young, giving birth

to three or four a day. These young also become adult in a few days

and in their turn produce young, and in this way there may be many
generations during the summer. Some one or more of these genera-

tions will develop wings and pass to the other plants, thus distribut-

ing the insects over the region. In the fall some generation instead

of giving birth to young, will lay eggs, and these will winter over and

hatch the following spring.

Treatment.

As plant lice are sucking insects, no stomach poison such as Paris

green or arsenate of lead is of any value to destroy them, and kero-

sene emulsion is the most effective remedy made use of. In order

to kill the lice, however, every insect must be touched by the oil and

this requires careful and thorough spraying. As the lice are usua'ly

on the under surface of the leaves the spray must be thrown upward

against the lice, and after the leaves begin to curl this is very diflQ-

cult if not impossible. It is necessary, therefore, that the trees

should be carefully watched, and be sprayed as soon as the lice ap-

pear, and before they have become so abundant as to cause the

leaves to begin to curl.

In places where it can be obtained, a strong stream of cold water

thrown through a hose upon a tree infested with plant lice, is very

effective as it knocks the lice off the tree and kills nearly all of them,

but too often this treatment is not available.

In the case of the pea-vine louse, the peas grow in such a way that

it is difficult to reach the lice by spraying, and here the best practice

is to follow along the rows on a hot day with a branch from some
evergreen tree, or a piece of brush, and switch the lice off the vines

onto the ground, which can be easily and rapidly done. A cultivator

should then follow along the rows and loosening the dry, hot soil,

the lice will be dried up by it and die before they are able to return

Jo the plants from which they had been switched off.
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SPRAYING MATERIALS.

The chief materials for spraying here suggested are Paris green,

arsenate of lead and kerosene emulsion. It is well to speak more
fullj of these substances as one-half of the value of spraying depends

upon whether the}' are properly made or not, while the other half is

determined by when and how they are applied. Combinations of

insecticides and fungicides are also important for if these can be ap-

j)lied together rather than separately much time and labor can be

saved. A short consideration of these points, therefore, should be of

value.

Paris Green.

This insecticide which has been used in quantities for the destruc-

tion of insects longer than any other, is a chemical combination of

arsenic, copper and acetic acid. The arsenic (arsenious oxide) is of

course the poisonous substance, and a good Paris green should con-

tain over fifty per cent, of it. Much that is on the market, however,

contains less than this amount, and is known as "Low grade Paris

green," and is worth less for use than the higher grades (though it is

generally sold at about the same price as the better article), as the

farmer who uses it is putting less poison on his crops than he sup-

poses.

In some States, laws have been enacted requiring that all Paris

green sold should contain at least fifty per cent, of arsenic—a law

that has frequently done more harm than good—and in order to com-

ply with it, manufacturers sometimes produce a low grade article,

and during its manufacture or afterwards, add enough arsenic to

bring the percentage of this substance up to that required by the law.

But the arsenic thus added does not chemically combine with the

other substances present in the Paris green, but remains as free ar-

senic which burns the leaves badly as everyone who has used much
Paris green knows. In this way a poor quality of Paris green which

would cause little or no burning of the foliage, becomes, by the addi-

tion of the free arsenic, a dangerous substance to apply to leaves of

any kind.

Another objection to Paris green is that it is frequently adul-

terated with other substances, such as flour or plaster. Though such

adulterations do no harm when applied to foliage, the purchase of

such Paris green is much more expensive than it would be to buy
these materials separately and mix them.

A further objection to Paris green is that some of the arsenic ao-
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tually combined with the copper and acetic acid appears to dissolve

in water in the spraying tank, and in this way even a reliable article

may sometimes cause burning.

Finally, Paris green when mixed with water is quite heavy and

tends to settle to the bottom of the tank, and though all good spray

pumps are provided with an automatic agitator, the amount of the

poison sent out when the tank is full and when it is nearly empty
will differ considerably and the results will be correspondingly un-

reliable.

For these reasons Paris green is less favorably looked upon as an

insecticide than was once the case, and other materials are being

more used each year in its place.

Arsenate of Lead.

This substance is a chemical combination of arsenic and lead, and

as the arsenic in it is all combined, no burning from its use results,

no matter how strong it is made. It is therefore safe to use on all

kinds of trees.

It is lighter than Paris green, needing little stirring to keep it from

settling, and it adheres to the leaves a much longer time, it generally

being necessary to spray but twice with it where three times would

be needed with Paris green. Thus, though it costs a little more,

this cost is more than an off-set by the reduction in number of treat-

ments necessary.

It is made as follows:

Arsenate of soda (50 per cent, strength), . . 4 ounces.

Acetate of lead, , 11 ounces.

Water, , 150 gallons.

Put the arsenate of soda in two quarts of water in a wooden pail,

and the acetate of lead in four quarts of water in another pail, also

of wood. When the chemicals are all dissolved, pour the contents

of both pails into the spraying tank with the rest of the water, and

stir for a few minutes before using.

Those who prefer to make use of arsenate of lead ready prepared

can obtain it from the Bowker Insecticide Company, 43 Chatham
street, Boston, Mass., by whom it is sold under the name of Dis-

parene, or from several other firms which supply this article.

Kerosene Emulsion.

Paris green and arsenate of lead are termed stomach poisons, and

are used for insects which bite off and swallow solid food. Kerosene

emulsion is a contact poison and is used for those insects which suck

the juices from plants and which cannot therefore be destroyed by

stomach poisons.
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Where a contact poison is used it is necessary to touch each in-

sect with a drop of the spray in order to destroy it, while a stomach

])oison may be spread upon the leaves for the insect to eat with its

food at any time it may happen to reach it. Spraying with contact

poisons is, therefore, much more difficult than with stomach poisons.

Kerosene emulsion is usually made as follows:

Hard soap, shaved fine, ^ pound.

Water, 1 gallon.

Kerosene, 2 gallons.

Dissolve the soap in the boiling water; remove it from the fire and

pour it into the kerosene while hot. Churn this with a hand spray

pump until it changes to a creamy, then to a soft butter-like mass.

This may be used as a stock, and should keep for some time. For

use, take one part of the stock and nine parts of water for plant lice,

though where the insects to be treated have harder bodies, one part

of the stock to four or five parts of water can be used to advantage.

Insecticides and Fungicides.

It is important to spray fruit trees before they blossom, with Bor-

deaux mixture to destroy fungous diseases, and as this is also the

time to spray for many insects it is often desired to use the insec-

ticide and fungicide together. This can be easily done, the Bor-

deaux mixture combining well, both with Paris green and arsenate of

lead, and the following directions give the best methods for prepar-

ing these combined sprays:

Bordeaux Mixture and Paris Green.

Bordeaux mixture, 50 gallons.

Paris green, 4 ounces.

Stir the two till well mixed before using.

Bordeaux Mixture and Arsenate of Lead.

Prepare the arsenate of lead as already directed, but instead of

adding the two chemicals when dissolved, to the rest of the water

in the spraying tank, add them to fifty gallons of the Bordeaux mix-

ture placed in the tank and stir for a few minutes before using.
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THE VARIKTIKS OF FRUIT THAT CAN BE)

PROFITABLY GROWN IN PENNSYLVANIA.

Bv Gabriel Hiester, Harrishurn, Pa.

When a man plants an orchard of apples or pears he is starting

in a work that will last his life time. If he selects the wrong loca-

tion for his orchard, or makes a wrong selection of varieties, even

though he mav give it the best and most intelligent care later on,

he will fail to obtain a full measure of profit for his work.

LOCATION.

It is difficult to give accurate directions as to the selection of a

location for an orchard or to describe a soil that will bring the best

results. There are a few general principles, however, that have be-

come firmh" established by the experience of the most careful horti

culturists extending back through the past century, and have been

fully proven by a number of correspondents who have aided in this

investigation. There are several points to be considered in selecting

a location which apply to all fruits, and may be briefly' stated here

as follows:

/Soil.—All fruit trees require a.</eep soil on an open sub-soil that

will allow i)erfect drainage. Let me then impress upon the mind of

the reader, that the first requisite for the profitable production of

fruit of any kind is an open suh-soil that will allow perfect drainage;

second, a deep top soil of a character suited to the kind of fruit

grown. The character of soil best suited to each kiud of fruit will

be treated later on. Stones and boulders are not injurious, but on

the contrary, rather a benefit; the loose stones on top serve as a

mulch and retain moisture, and the roots find their way around and

under the boulders and there secure a good supply of moisture. For

this reason many stony hillsides and flat mountain tops which can-

not be utilized in any other way furnish excellent sites for orchards.

Exposure.—Opinions differ somewhat on this point, but a majority

seem to favor a northern exposure, as the idea prevails that the

buds are retarded somewhat, and are less liable to be injured by late

frosts. Also that a southwestern exposure is least desirable.

Altitude.—Is more important than exposure. The trees should
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be planted above the level of the lake of cold air that settles in the

valleys at night; the warmer and more sheltered the valley the more

important is this point, as these places are most subject to late

frosts. No fixed height can be given at which it will be safe to

plant; it will depend upon the width of the valley and the abrupt-

ness of the slope at either side. Each planter must decide for him-

self what will be a safe altitude.

Conditions differ, however, along the shores of lakes and broad

rivers; here the water tempers the air and prevents injury by late

frosts. We find the influence of Lake Erie extends two or three

miles inland, while along the Susquehanna, peaches growing close

to the bank frequently escape injury, while the entire crop has been

destroyed by frost in an orchard a mile back in the country.

While good fruit can be grown on these bottom lands which

border on rivers and lakes, provided they are well drained either

naturally or artificially, yet as a rule the fruit will not be as high

colored, as fine flavored, nor have as good keeping qualities as that

grown on higher ground; this is especially true of the apple.

Rainfall.—T\iQ distribution of rainfall throughout the entire season

is important. Trees require a large amount of moisture during

the growing season to properly mature their crop of fruit. As

the summer showers usually follow mountain ranges, the foothills

of the mountains and high narrow valleys are generally better

watered than the plains.

Shippijig Facilities.—After we have grown our fruit we must

market it, and here comes in an important item of expense. We
should take into consideration, not only the distance of the orchard

from the railroad station, but if possible get within reach of com-

peting lines of railroad, and thus secure the lowest possible freight

rates.

With these points firmly fixed in our minds M^e are ready to in-

telligently consider what to plant.

APPLES.

I. SOIL.

Apple trees will thrive and do well in almost any well drained,

well prepared soil. A deep, strong, sandy or gravelly loam with open

sub-soil is generally recommended, but the best results have beeo

obtained in this State on soils formed by the breaking down of shale.

Good reports come from gray, red and yellow shale lands. Sueh a
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soil is rich in iron, calcium, magnesia, phosphoric acid and potash,

with but little nitrogen.

Whatever the other characteristics may be, it should be deep to

allow extension of the roots; well drained, either naturally or arti-

ficially, to prevent injury from stagnant water below the surface, and

^rwi, and not peaty or spongy, to preclude injury or destruction from

frosts. Just here I quote from a letter received from Mr. Edward
T. Ingram, of West Chester, a fruit grower of large experience:

"In considering the varieties of fruits to plant, the character of the

soil and elevation are the most important points. From my observa-

tion I would formulate, on general principles, as follows:

"1st. On heavy soil, retentive of nitrogen, the fruit will be larger,

and have more w^ater in its composition.

"2d. That on soils not retentive of nitrogen, but rich in potash, the

fruit will be smaller and of higher flavor, with more sugar in com-

position.

"3d. That varieties of fruit of high flavor are of better quality when
fully grown; that large, fine specimens are delicious, w'hile smaller

ones are acid and unpleasant.

4th. That varieties of low flavor, when overgrown, are insipid and

poor in flavor, but are much better when smaller and with a higher

development of sugar.

"5th. That varieties that bloom early or require a longer season

for development, will frequently fail at comparatively low altitude

and be successful at high ones."

II. VARIETIES.

It is a mistake to plant many varieties. The most successful prac-

tice is to select the best of its kind for each season, and have only

one, or at most, two varieties of any kind of fruit ripening at the

same time.

The first question to consider in this connection is, "Where do we
expect to sell our fruit?" We have the world for our market, and ex-

cellent facilities for reaching any part of it. The display of fruit at

the Paris Exposition has started inquiry in regions heretofore un-

tried, and the limits of the foreign market are being indefinitely ex-

tended. So also is the demand for home consumption in the various

mining and manufacturing towns all over our own and immediately

adjoining States.

The foreign market demands winter apples that keep well, ship

well, and stand up for a reasonable time after being taken from

cold storage, and seem to prefer red color.

The home market will use a good baking apple at any season of

the year. Care should be taken, however, not to plant too many
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early ones. Housekeepers begin using them early, and the demand

steadily and gradually increases until after the holidays, when it is

practically unlimited.

Mr. Geo. T. Powell, in an address delivered recently before the

New York State Fruit Growers Association said:

''We need to study the demands of the different markets, London

will pay the highest price for red apples of medium size; Liverpool

will pay high prices for large apples like King, Twenty Ounce, Hub-

bardston and Spy. The same is true of our home markets, and to

realize the highest value, the shipper must understand what the

different markets most demand. Boston will pay the highest price

for Fameuse, Gravenstein and Mcintosh; New York for King, eTona-

than and Khode Island Greening; Chicago for Hubbardston, and Gil-

lifiower will bring more money than any other variety in the south-

ern cities."

In this connection it may be well to consider the comparative

prices obtained in England and Germany during a stated period as a

guide to planters of new orchards. We find that during a period of

five months the average of price ranged from highest to lowest in

the following order:

ENGLAND. GERMANY.
Jonathan, Jonathan,

York Imperial, Northern Spy.

Tompkins King, York Imperial,

Northern Spy. Tompkins King,

Spitzenburg, Baldwin,

Baldwin, ' Spitzenburg,

Ben Davis,
'

Winesap,

Winesap. Ben Davis.

While it may be best for those having good fruit lands, within

easy reach of the main line of railroad, to plant for the foreign mar-

ket, it will be found equally profitable in most of the southern,

central and western counties, to cater to the demands of the home
market, hence in this article we will consider varieties suited to

both.

In planting an apple orchard, we do not expect to reap our reward

for eight or t^n years. Hence in the selection of varieties we should

ask ourselves the question, "What will the general public think of

this apple after an intimate acquaintance of ten years? Will they be

likely to ask for it, to insist on having it? or may they possibly tire

of it and look for something better suited to their taste?" Those

who are familiar with the markets of Pennsylvania know, that in

those sections where Summer Eambo and Smokehouse have been

grown for some years, about the first of August, housekeepers begin
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inquiring for Summer Rambo, and will be satisfied with nothing

else while Summer Rambo lasts, and later on they must have Smoke-

house or nothing, and there is no use trying to force any thing else

on them during the respective seasons of these two varieties.

Reasoning from this standpoint, How will Ben Davis stand ten

years hence? Will people be asking for Ben Davis in a market sup-

plied with Newtown Pippin, Baldwin and Northern Spy? We are

told that it is in good demand to-day, but will it last when people have

become thoroughly acquainted with it? Already buyers have come
from St. Paul and Minneapolis to Adams and Franklin counties and
bought up whole orchards of York Imperial at a time when their

home markets were well stocked with western grown Ben Davis. I

think it is a mistake to advocate the promiscuous planting of this

variety, but would lay down this positive rule: Never plant Ben
Davis where York Imperial will succeed, plant very sparingly of

York Imperial in the higher altitudes where Baldwin, Northern Spy
and King do well. There are some sections of Adams and Franklin

counties where Ben Davis, and its near relative Gano, are grown ae

fine in form and color as anj'where in the world, and climatic con-

ditions are such in these sections that Baldwin and Spy are fall

apples; in such places Ben Davis and Gano are probably the best

varieties to plant for profit. As we follow the same range of hills

into York, Cumberland and part of Dauphin counties, York Imperial

will be found profitable and should gradually replace Ben Davis.

Following this same mountain range still farther to the northeast,

into Schuylkill county, York Imperial should be gradually replaced

by Baldwin and Grime's Golden, and after Schuylkill is passed it

should be dropped out of the list altogether.

Up to this time the only apples that have been sent abroad from

Pennsylvania, in any quantity, are Ben Davis, Gano and York Impe-

rial. Several large plantations have recently been made along the

South Mountain, in Adams county, with the expectation of selling

the product in European markets, and in the next few years the

number will no doubt be largely augmented.

We have a number of Pennsylvania apples that have been grown
for years in their native counties and are much prized where well

known because of the vigor of the tree, the regularity with which
they bear, and their excellent cooking and keeping qualities.

We will here briefly discuss the merits of a few old, well-tried

sorts, and some that seem to be worthy of more general distribution.

SUMMER APPLES (FOR LOCAL MARKET ONLY).

Earhj Harvest is the standard with which we compare all early

sorts, and should be found in every collection. The tree is hardy,
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a regular bearer, one of tlie earliest and best baking apples that we
have.

Benninger.—A large, red-striped apple, grown in Lehigh and Mont-

gomery counties, supposed to be a native of Lehigh. It is about as

early as Early Harvest. Keeps better and lasts longer. Has been

found more profitable than either early Harvest or Red Astrachan.

It has been sold in the local markets for more than 40 years. Recom-
mended by Geo. H. Rex & Son. Stetlersville, Lehigh Co.

Red Astrachan.—This apple although of second rate flavor, has

been largely planted on account of its very handsome appearance,

the vigor and productiveness of the tree and its excellent culinary

qualities, and has been found one of the most profitable very early

sorts.

Ydlow Transparent., is probably one of the best early apples to

plant for nearby market. The tree is an early and abundant bearer,

and the fruit sells readily on account of its beautiful, clear, smooth
appearance and good cooking quality. Its thin skin and light color

make it a poor shipper, unless put up in small packages and very

carefully handled.

Keswick Codling is an excellent late summer baking apple. It

succeeds well in the Cumberland Valley. Tree is hardy and vigor-

ous, a good bearer and the apple sells well. Valuable for home
market.

FALL APPLES.

Austin ^ijoeet is one of the very few sweet apples worthy of notice;

it is a large, rich flavored, golden, September apple; used for apple-

butter, for spicing and preserving; it us used extensively for butter

with quinces. Recommended by J. B. Johnston, New Wilmington,
Lawrence Co.

Duchess of Oldenlurg, while a fall apple in the higher altitudes, is

a summer apple in the Susquehanna Valley. The tree is remarkably
hardy and vigorous, bears early and abundantly, the fruit is hand-
some, and while not of the best quality, is excellent for culinary pur-

poses, being very tart ,and is a good seller in any market.

Kretchman is a large, sour, dark red apple, good for cooking or

eating in late fall. A good market variety. Recommended by G. H.
Rex, Stetlersville, Lehigh county.

Lehigh Greening.—A large, greenish-yellow, fall apple, good for

baking; tree is vigorous and hardy, a good bearer. Apple sells well

in the markets of Lehigh and Montgomery counties, where it is

grown to a considerable extent.

Maiden''s Blush.—This beautiful fall apple has been successfully

grown in nearly every county of the State and seems to be a general

favorite for the home market; the tree is a thrifty, vigorous grower,

27—6—1902
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aud bears regularly and abundantly. The apples sell well in any

market on account of their attractive appearance and their good

baking qualities.

Bummer Ramho is one of the most profitable fall apples that can

be grown for the home market in Pennsylvania. Its large size, at-

tractive appearance and excellent quality', either eating or cooking,

commend it to every housekeeper, and the man who has them for

sale need have no other kind ripening at the same time, as there

is nothing in its season that can compare with it. It succeeds well

on either high or low land, if the latter is well drained.

Smohehouse follow s immediately after Summer Kambo, and is the

only fall apple that can take its place. The tree is a rather crooked,

scrubby grower in the nursery, but when planted in the orchard and
carefully pruned, it grows vigorously, and bears abundantly. It

thrives and does well on rich, valley farms, on clay, shale, gravel and
loam. In fact it seems to do well on any rich, well drained soil, and

it sells at top prices in any market. As its season is about the same
as King, there seems to be no reason whj^ it should not be grown in

the northern tier of counties for export. It is certainly worthy of

trial.

White Doctor.—A native of Pennsylvania, is a very large, green,

baking and eating apple, of excellent quality; ripens about the 1st

of October. Good for local market.

Tompkins King.—While generally classed as a winter apple, it is a

fall apple in most counties of Pennsylvania, but owing to its fine

appearance and excellent quality, it sells well at any time. The
tree grows vigorousl}^ and bears well for a few years, but usually is

very short lived. It has been suggested by Prof. Bailey, that this

variety should be top worked on some stronger, hardier stock, like

Northern Spy, and a number of trees have been treated in this way
during the past few years. If the experiment proves successful this

will be a very profitable variety to grow either for home market or

for export.

WINTER APPLES.

Baldwin stands at the head of the list in popularity. It has been

reported as one of the five best varieties by every grower who an-

swered my circular of inquiry. The objection to it in southern

Pennsylvania is, that it ripens too soon, and is apt to drop before

picking time. This premature dropping, however, is generally

caused by leaf blight, which attacks the leaves, and they are unable

to perform their functions during the latter part of the season. It

has been found, if the trees are thoroughly sprayed three or four

times during the season with Bordeaux mixture, that the leaves will
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remain healthy, and the apples will remain on the tree until the mid-

dle of October, and will keep till mid-winter in an ordinary cellar.

It should, however, be planted on moderately high, well-drained

ground. When planted on low ground near the water level, even

if well drained, the fruit lacks color and keeping qualities.

Baer or Hiester\—A medium sized, red striped apple, grovra to

some extent in Berks county. It is a heavy bearer and good keeper.

A very pleasant eating apple and sells well in local markets.

Belmont or Gate.—A native of Lancaster county. Is a light yel-

low, early winter apple, of excellent quality; tree is vigorous and

healthy and very productive. Apple sells well in the markets of

Mercer county, where it has been grown to some extent.

Dominie,—A red-striped winter apple of good size and excellent

quality. The tree is vigorous and productive, and the apple is a good

keeper. It has been grown for some years in York and Cumberland

counties with profit, and it seems to have all the qualities needed for

export.

Ewalt or Bulloch Pippin.—A native of Bedford county; should be

more generally planted for the local market. It is a handsome apple,

of excellent quality, a good keeper, and the tree is a vigorous grower

and a good bearer.

Grimes Golden while a native of Virginia, succeeds well in many
counties of Pennsylvania. A leading fruit grower of Blair county

says of it. ''Grime's Golden is par excellence the apple for Pennsyl-

vania local market; the tree is a slow, compact and spreading grower,

and it is a regular, heavy bearer; one of the best early winter varie-

ties." In some places it has proved short lived, like King and Falla-

water. It would probably be advisable to top work it on some hard-

ier sort. It does equally well on high or low land, but requires a

sandy or gravelly soil; does not do well on clay or limestone.

Greisfs Fine Winter.—A native of York county. Yellow-striped,

with light red, in shape and size resembling Ben Davis. Tree is a

vigorous grower and regular bearer; fruit keeps all winter in an

ordinary cellar; is crisp, juicy and of sprightly flavor; has been found

quite profitable in Lancaster county, as it does well on a limestone

soil; considered worthy of trial for export.

Krauaer.—A native of Berks county, where it is held in high

esteem. The tree is a vigorous and handsome grower, and an abund-

ant and regular bearer. It is a very good, red apple and keeps well.

It has been grown to some extent in Perry county. It sells well in

every market where it hag been offered, and should be more gener-

ally cultivated and should be added to the list of Pennsylvania ap-

ples grown for export.

Langford^n^ Nero are both long keepers and worthy of trial In
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every county of the State. Up to this time they have only been

grown in Lehigh county.

Lmover is a large red-striped, sub-acid winter apple; it keeps well

and is very productive. It has been found profitable wherever

planted in Pennsylvania.

No Name^ Spice Seedling and Oiunberland Seedling are three local

varieties introduced by Longsdorf Brothers. They have done very

well in the Cumberland Valley and are considered worthy of trial

elsewhere for local market.

Nottingham.—A native of riiester county. Is a large, red, early

winter apple, good for eating or baking. Sells readily and is pro-

ductive. Recommended by J. Hibberd Bartram, who has planted a

large orchard of them in Chester county.

Bussiati Catalet is a large, red apple, grown in Fayette county.

Excellent for baking as well as eating; will keep till June. Recom-

mended by L. C. Harris, of Perryopolis.

Rhode Island Greening.—Cannot be recommended for planting in

Pennsylvania, except in the northern tier of counties, as in all other

parts of the State it ripens its fruit too soon, generally in September

and October.

Ramho is a profitable apple for home market. It can be grown on

any sandy and gravely soil with a good sub-soil, at almost aoy eleva-

tion, provided the ground is well drained. To secure best results

they must be well sprayed. They are not late keepers, and owing to

their thin skin and soft flesh are not good shippers, but when mar-

keted in 20 pound baskets, bring the top price.

Ridge Pippin is desirable on account of its keeping qualities, it

will keep all winter in an ordinary cellar, and is productive. It is

found in many orchards in Montgomery, Bucks and Berks counties,

and is a fairly good apple in the spring.

Strinetown Pippin has never been generally disseminated, but has

been grown by many farmers in southern and southeastern Penn-

sylvania, especially in York, Cumberland and Lebanon counties, and

has been found profitable when grown on high, rich land. It is an

annual bearer, is totally unfit for use in the fall, but when buried in

a pit just as turnips are buried, comes out in March clear and crisp,

and is one of the best baking apples of the season, far superior to

Ben Davis, York Stripe, York Imperial or even Ridge Pippin, which

is thought so much of in Chester county.

Stark is a large, red-striped, winter apple of good quality. It is

grown to some extent in Franklin, York and Perry counties, and is

esteemed for its good keeping qualities. It is productive and profita-

ble, a good shipper; worthy of trial for export.

Staymani's Winesap.—A large, red winter apple. Has been fruited
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lately in the Mt. Poeono region and gives promise of great value, on

account of its fine appearance and its good keeping and shipping

qualities.

Winte)' Blush—^Strongly resembles Maiden's Blush, but is much
later. Its season being from December to February.

York Imperial.—Varies greatly both in keeping and eating quali-

ties. When grown on rich, river bottom lands in Dauphin county,

it is a very low grade apple and will not keep until the holidays.

Under any circumstance it is not good to use in the fall, but when,

grown under proper conditions, on moderately high land, rich in

mineral matter and rather deficient in nitrogen, and is kept in shal-

low bins in a cool cellar, or better yet, in a cave, it comes out in the

spring a fairly good apple for any purpose. It will stand up longer

and bear more rough handling than any of the finer sorts, and coming

after all the strictly high class varieties are out of the market, it

sells well. For this reason the growers of Adams, Franklin, York

and Cumberland and some parts of Dauphin and Lebanon counties

have found it very profitable. It is not a good cold storage sort, but

scalds badly if kept too long. If placed in cold storage it should

always be marketed early in January.

Smithes Cider.—A native of Bucks county. Is a mild, sub-acid, red

apple. Considered one of the most profitable varieties in Chester,

Berks and Bucks counties. It is excellent for baking, a good shipper

and a long keeper. It, hov/ever, requires a strong soil, and not much
elevation. When planted on poor mountain land it is apt to twig

blight, and has a general unthrifty appearance.

Red Cider resembles Smith's Cider, but is a better keeper and has

more color and is in all respects a better apple.

PEARS.

The market for pears is likely to be greatly enlarged during the

next few years. They are in good demand in European markets,

when they can be placed there in good condition. The U. S. Depart-

ment of Agriculture is making careful experiments in the matter of

packing and refrigeration, two very important points in ocean trans-

portation. It is hoped that as a result of these experiments, condi-

tions will be BO changed that pears will become a common export.

Bartlett and Anjou pears have already been shijiped to Edinburgh

with such cold storage as we have, and sold at a profit, while Duchess

have arrived in good condition without cold storage. We need not

be afraid of planting too many pears at this time; before the treei
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come in bearing the foreign market will be ready for them and proper

facilities for transportation will have been arranged. The Paris Ex-

position did much towards introducing American fruit to foreign

nations, and our Government is doing what it can to make it possible

for us to take advantage of the demand thus created. The Canadian

Government is experimenting along the same line, and the Canadian

growers are eager to take advantage of any improvement in condi-

tions. If Pennsylvania wants a share of this trade we should begin

to plant at once.

VARIETIES.

Out of the great number of pears that have been tried at various

times in this State, there seems to be only five that have stood the

test of time and can be recommended as profitable market sorts,

namely, Bartlett, Seckel, Duchesse d'Augouleme, Law^rence and

Kieffer. We need a better early sort than Clapp's Favorite for the

home market, as it blights badly in many places and cannot be recom-

mended for general planting. Catherine and Manning's Elizabeth

are prolific and of fairly good quality, but too small; the same objec-

tion holds as to Tyson and Bloodgood. Here is a field for the ex-

perimenter.

Bartlett is the only pear that received a double star from every

correspondent. It stands at the head of the list as a profitable

market sort, and although some persons object to the flavor, it is the

best seller in every market. The tree is less subject to blight than

any other variety. It is a regular, heavy bearer and good shipper.

It does well either as standard or dwarf. Pennsylvania Bartlett and

Seckel pears have a place of their own in the home markets. They

ripen a couple of weeks before those grown in New York, and so for

a short time they have the market all to themselves, and if these two
varieties are offered as soon as they mature they always bring a fair

price and will yield more clear profit at that time than at any later

period. They will do well on a clay soil too heavy for apples and

can be grown on any deep, well drained soil, on mountain or valley,

and will yield regular profitable crops.

Duchenae d?A'^igouterne is one of the best market sorts, and is re-

markably healthy in tree and foliage. It is usually grown as a dwarf

but will succeed admirably as a standard. The fruit is large and

handsome, has a thick skin, is a good keeper, a good shipper, sells

well in all markets, and when properly ripened, is an excellent pear.

Howell is an excellent canning pear, very fine grained and white

fleshed. A good shipper, if well grown and picked at exactly the

right time, but it is subject to blight in most places. The fruit is

also subject to scab, and in order to secure good fruit, the trees must
be thoroughly sprayed several times during the season.

Bosc.—Is a luscious table pear of beautiful appearance, bears
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early and regularly if plauted on rather high ground in fairly fertile

soil, with an open sub-soil, protected from piercing north winds, well

cultivated and regularly sprayed to protect it from fungus and insect

pests. It is a poor grower and, therefore, must be top-worked on

some strong growing sort. It does admirably on the foothills of the

Alleghenies, in Blair county, but on the rich bottom lands of the

Susquehanna the pears are knotty and the trees subject to leaf

blight.

Lmcrfnce is classed as a winter pear, and when grown on the

higher altitudes may be kept all winter in an ordinary cellar, the

same as apples are kept. It is very sweet and one of the best desert

pears. The tree is a strong, vigorous grower and an abundant

bearer. It is a good shipper, and when w^ell grown and properly

ripened always commands the highest price.

Flemish Beauty^ like the Bosc, succeeds best on the foothills and

elevated small valleys. It is a beautiful pear, a good shipper, of ex-

cellent qualit}', but must be picked just before maturity. It does

not succeed well in the Susquehanna Valley on account of leaf blight,

which causes the foliage to fall off before the fruit is full grown,

unless the trees are carefully sprayed several times during the

season.

Pitmarsden Dutchesse has been tried in Blair county and has done

well. The tree is a fairly good, upright, grower and an enormous
bearer of large fruit, ripening somewhat earlier thao Duchesse d'Au-

gouleme, which it much resembles.

Madam Seihold is a seedling of some good pear and Chinese sand

pear. The fruit resembles in color a golden russet apple when fully

ripe. It has a bright, golden color, it keeps well and sells well in the

markets of the western part of the State. It has only been grown
to any extent in Blair county.

Kieffer.—The much advertised, much abused Kieffer also has its

place. It ie an excellent canning pear, and may be grown with

profit in the neighborhood of a canning factory, but the general

market is very easily overstocked with them, and unless there is a

canning factory within easy reach, they should be very sparingly

planted.

Koonce is a large pear, a regular bearer, quite prolific. Is grown
to some extent in Westmoreland county and found to be a profitable

market variety.

PEACHES.

While peaches can be grown in every county of the State, it is not

advisable to plant commercial orchards in regions much subject to
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severe winters or late spring frosts. In districts where the ther-

mometer frequently falls lower than 15 degrees below zero the crop

will prove very uncertain. It is best to select a climate not given to

extremes of any sort, and one which has a considerable rainfall, fairly

well distributed throughout the year; for this reason the foothills

of mountain ranges and high, narrow valleys, are desirable for

reasons that have been previously stated. Some fields on a farm

may be much better for peaches than others; high lands are gener-

ally better than low lands; rolling land is better than flat; a water

front on a lake or broad river is better than an inland location. In

inland regions a hillside with a northern exposure is generally pre-

ferred. When planting on a hillside care must be taken to keep

above the frost line.

Soil.—The peach does not seem to be particular as to soil, but will

succeed on any well drained land with a good sub-soil; the prefer-

ence in this State appears to be for a sandy loam, filled with broken

stone, from which chestnut timber has been removed. In York and

Cumberland counties, what are known as the iron stone soils have

given the best results.

One very important point in the selection of location for a peach

orchard has been overlooked by many Pennsylvania growers to their

Borrow, namely, a deep soil. No matter how favorable are the other

conditions, without a deep, well drained soil and a good sub-soil, no

one may hope for a full measure of success, as the ripening crop

needs a large amount of moisture and this cannot be obtained from a

thin soil.

Easy Access to MarJcet is an important point. The crop ripemi

rapidly and must be disposed of quickly, therefore it is essential that

the orchard should be within easy reach of a railroad station, and if

two competing lines of road can be reached an advantage in freight

rates may be secured. This is more important with peaches than

any other fruit crop. Pennsylvania is well supplied with good

markets in its hundreds of mining and manufacturing towns, and
most of her fertile valleys are intersected by railroads, so that good

locations may be had in almost any part of the State within an hours

drive of the station.

Varieties.—In the selection of varieties we must consider our mar-

ket. Peaches must be sold direct from the tree, and can be held

only for a very short time, hence to secure profitable prices we must
have our peaches to ripen when our markets are not well supplied

from other States. This necessitates the discarding of all varieties

that ripen earlier than Elberta. The glut of southern peaches is

over by the time Elberta is ripe, and then for about three weeks we
have a comparatively clear field to operate in. Yellow fleshed
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peaches are in better demand all through the season than white

tieshed and usually command a higher price. The following are a

few of the most popular varieties, with some criticisms, that have

been made on them by correspondents:

Chair's Choice, pronounced good in Franklin county.

Salway does not succeed well everywhere. It should be planted

on a gravel soil with good sub-soil, should have considerable eleva-

tion, north or western exposure. It will not do on strong land con-

taining a large amount of nitrogen ,or on clay land.

A correspondent from Franklin county writes: ^'Bilyeus and

Edgemont Beauty are the money makers."

Pride of Kennett, a medium late white peach, introduced by Rake-

straw & Pyle, is a native of Chester county. It has an exceptionally

fine flavor and beautiful color, but must be severely thinned, as it has

a tendency to overbear, and on low ground in wet seasons will crack

and mildew. It is a splendid peach for high ground that is rich and

deep.

Cumberland county claims tw^o seedlings of merit, known as Seed-

ling White and Seedling Yellow. They can only be found in the local

nurseries.

Fox Seedling, Ohio Beauty and Reeve's Favorite are highly recom-

mended for Cumberland county.

Early Rivers, Hill's Chile, St. Johns, Lewis and Kalamazoo are fav-

orites in Erie county. Elberta has proven tender in Erie county.

In Mercer county, A. B. Greenlee of New Lebanon recommends a

native peach that reproduces itself from the seed. It is yellow

fleshed and of excellent quality. It is quite extensively grown in the

neighborhood of Now Lebanon.

Iron Mountain has been found to be very productive and profitable

in Schuylkill county. Mr. W. H. Stout, of Pinegrove, has grown

record-breaking crops of this variety.

In the Susquehanna Valley, Crawford's Late, Elberta, Globe and

Red Cheeked Melocoton are the favorite yellow, and Old Mixon,

Stump and Fox Seedling the favorite white varieties.

GRAPES.

For many years the grape industry in Pennsylvania has been con-

fined to what is known as the Lake Erie grape belt. A narrow strip

along the shore of Lake Erie in this State, and extending some dis-

tance into the State of New York, being about forty miles long. The

idea prevailed that the crop was surer and the quality of the grapes
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better. This may have been true when such varieties as lona, Diana,

Catawba and Isabella were the leading market sorts; but since the

introduction of Concord, Niagara, Moore's Early and Moore's Dia-

mond, it has been found that just as good grapes can be grown in

the Susquehanna Valley and along the foothills of the Allegheniea

and Blue Ridge as can be grown anywhere. At the same time, in-

sect pests and fungus diseases are becoming very troublesome in

the Erie grape belt and growers there find that they are obliged to

resort to the same methods for protection that have been found

necessary in other places. So it would seem that this industry may
now be extended to many other parts of the State, with equal profit.

Varieties.—The number of varieties of grapes found in our mar-

kets has been much reduced within the past few years. The leading

varieties in all commercial vineyards are: Concord, Niagara, Moore's

Early, Delaware and Moore's Diamond.

PLUMS.

The general market is easily overstocked with plums. No one

should make a large plantation of this fruit unless he has easy access

to a canning factory. A reasonable amount can be sold in the city

markets at profitable prices, but the canning and preserving factories

must be depended upoo to take the bulk of the crop. The industry is

in its infancy in Pennsylvania. A few large orchards of Japan plums

have been planted, but it is too soon to state results. Some of our

commission men think the Japan plums will grow io favor with the

people. Others say their market does not want them. This is

notably the case with Pittsburg.

What is known as the York State Prune, has been grown with

profit in Lackawanna county for the local markets.

Ydlotv Gage, a native of Westmoreland county, is a medium
sized yellow freestone of excellent flavor. A good and regular

bearer; is propagated by sprouts from the roots; it sells better in

the local markets than any other. Recommended by Wm. F. Bar-

clay, of Mt. Pleasant Mills, Pa.

CHERRIES.

The sweet cherries have proven a very uncertain crop. It is easy

to grow trees; they thrive on soils that are too thin and dry for any

other fruit and seem to do better without cultivation than with it;
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but favorable weather, just when the fruit is maturing, is absolutely

necessary. A couple days of rain when the fruit is ready to pick,

followed by hot sun, mav cause the fruit to rot and render the whole

crop unmarketable. Robins and catbirds are very fond of them,

and destroy large quantities before they are ripe. We would, there-

fore, advise against the extensive planting of sweet cherries in Penn-

sylvania, as we usually have thunder storms in June followed by

hot suoshine, and our farms should be well stocked with robins

and catbirds. It is different with sour cherries. They are not

so much affected by rain, especially the later kinds, and the birds do

not molest them. Land that is too thin and dry to grow other fruit,

or even to grow good farm crops may be profitably utilized by plant-

ing to sour cherries, and the general market has never been over-

Btocked W'ith them.

£ook Cherry^ a local Lancaster county variety, is dark red, ripens

about the middle of June, it is medium to large, of fine flavor, a heavy,

regular bearer, good shipper, hangs long on the tree before it de-

clines; a very profitable market sort. Recommended by John Wait-

zel, of Bethesda, Lancaster county.

CLIMATE.

"The climate of Pennsylvania is remarkable for the great change

it exhibits between the summer heat of the central and southern

portion, and the extreme cold of the uplands of the northern coun-

ties. The summer heats are more than tropical both on the Ohio

river in the southwest, and the Susquehanna and Delaware in the

southeast. While on the highlands of the northeastern counties and

in Elk, McKean and other counties of that elevated plateau in which

the Allegheny river takes its rise, the winters are sometimes of al-

most arctic severity. The difference in elevation is the chief cause of

the low temperature on the northern plateaus; their average being

about 1,500 feet above eea level, in some cases, large tracts reach

nearly 2,000 feet, still being generally level enough for cultivation.

The Susquehanna Valley cuts deeply through the whole mass, and

along the main stem and principal branches it affords a mild climate

and prolific soil, admirably adapted to the production of fruit. Tor-

nadoes and hurricanes, such as are know-o on the Atlantic Coast, from

the Gulf of Mexico to New England, are never experienced within

the limits of the State in any marked degree of severity.

"Altogether, Pennsylvania has a climate highly favored in many
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respects, usually dry, clear, elastic and invigorating. Just what is

needed to produce fruit perfect in form, with high color and ex-

(juisite flavor."

SECTIONS FOR THE SELECTION OF VARIETIES.

We have divided the State into seven sections or regions, desig-

nated on the map and the accompanying tables by the numerals 1, 2,

3, 4, 5, 6, 7, and in the list of fruits have marked each variety as it

has been reported from each section; if fairly successful, with a

single star, if especially recommended with a double star, in the

column bearing the number of that section.

While our classification may not fit every farm in each section,

we believe that this, together with the discussion already had on the

several leading varieties of fruit, will be near enough for all prac-

tical purposes, and is probably as nearly accurate as we can gfet

with our present limited experience in commercial fruit culture.

No. 1. The Southern Region.—The great Cumberland Valley lying

between the Blue or North Mountain, and the irregular chain of the

South Mountain, taking in the south slope of the North Mountain,

and all sides of the York Hills and the South Mountain as they ex-

tend in a southwesterly direction through the counties of Cumberland,

York, Adams and Franklin to the Maryland line.

No. 2. Southwestern Region.—Following the Susquehanna River

from Harrisburg to the Maryland line. The Schuylkill river from

Allentown to its mouth. The Delaware River from Easton to the

Delaware line. Including the counties of Delaware, Chester, Mont-

gomery, Bucks, Berks, Northampton, southern half of Lehigh, Leb-

anon, Lancaster and the southern half of Dauphin.

No. 3. Northeastern Region.—The distinguishing feature of which

is an elevated mountain plateau 1,200 to 1,600 feet above sea level,

extending from Wayne and Pike counties southward into the coun-

ties of Luzerne and Schuylkill. This plateau in its broadest part

bears the name of Pocono, and seems to be well adapted to the pro-

duction of winter apples and pears of high quality. It comprises the

eastern half of Bradford county, all of Susquehanna, Wayne, Pike,

Luzerne, Monroe, Columbia, Montour, Northumberland, Carbon,

Schuylkill and upper Dauphin.

No. 4. Northern Region.—Embracing the counties of Warren, Mc-

Kean, Potter, Tioga, part of Bradford, Wyoming, Sullivan, Lycoming,

Clinton, Cameron, Elk and Forest. This region has not yet been de-

veloped along the line of fruit production, but seems to possess all

the requirements for the growth of apples of high flavor and good

keeping and shipping qualities. In the opinion of the writer no bet-

ter place can be found to grow winter apples than the rocky foothills

of the mountains in this region.
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No. 5. The Middle Region.—Traversed throughout from N. E. to

S. W. by long, steep, rocky mountain ranges, which run in a gen-

eral way parallel to the main ridge of the Alleghenies. The moun-

tains are not high, the valleys as a rule are narrow, and get nar-

rower as they leave the Susquehanna river. Peaches of the finest

quality can be grown along the foothills of these mountains, and the

failures that have been reported can nearly all be traced to the selec-

tion of hilltops having a thin, shaly soil, that could not furnish suffi-

cient moisture for the ripening crop. Wherever peaches have been

planted in deep soil, above the fog line, which is also the killing frost

line, they have proved most profitable. In this we have the counties

of Union, Centre , Snyder, Blair, Huntingdon, Mifflin, Juniata, Perry,

Bedford and Fulton.

No. 6. Western Region.—All that portion west of the Alleghenies

drained by the tributaries of the Ohio, comprising the counties of

Mercer, Venango, Lawrence, Butler, Clarion, Jefferson, Beaver, Arm-
strong, Indiana, Allegheny, Westmoreland, Cambria, Washington,

Fayette, Greene and Somerset. This is naturally a good fruit dis-

trict, but wherever coke ovens have been put in operation the fumes

have been carried in the air for a considerable distance, and caused

more or less discoloration of the fruit. For this reason we would not

advise the planting of a large commercial orchard, on land underlaid

with a considerable body of bituminous coal.

No. 7. The Lake Shore Region.—Comprising Erie and the greater

part of Crawford county. A singularly fine and temperate climate

characterizes the shore of Lake Erie and completely controls a belt

some 1.5 or 20 miles in width, known as the grape belt, while fur-

ther inland, even 50 miles from the lake, this influence is sensibly

felt.

26
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APPLES.

One Star (•) Fairly Successful.
Two Stars (*•) Highly Recommended.

Austin Sweet,
Baldwin
Ben Davis
Benjamin's Rambo. ...

Baer oi' Hiester
Early Harvest,
Escpus Spitzenburg, ..

Ewalt,
Fallawater,
Fall Pippin
Golden Russet
Gilliflower
Gravenstine
Grime's Golden,
Gano
Krauser,
Kircher's Kitchen
Kretchman,
Keswick Codling,
Jonathan,
Lehigh Greening,
LamBach
Langford's Seedling, ...

Maiden's Blush
Mother
No Name Seedling, ...

Northern Spy
Primate
Rambo
Red Astrachan
Ridge Pippin
Rhode Island Greening,
Rome Beauty
Roxbury Russet
Smokehouse,
Smith's Cider
Stayman's Winesap, ...

Stark,
Sutton's Beauty,
Spice Seedling
Tolman's Sweet,
Tompkin's King
Twenty Ounce,
Wagner
White Doctor
Winesap,
Yellow Belleflower,
Yellow Transparent, ...

York Imperial
York Stripe

2.

**

*

6.

•*

**

**

•*

**

*•

PEARS.

One Star (*) Fairly Successful.
Two Stars (**) Highly Recommended. 1. 2.

Augouleme, Duchesse d',

Anjou
Admiral Farragut
Bartlett.
Clairgeau,
Clapp's Favorite
Flemish Beauty,
Howell
Klefter
Lawrence,
Louise Bonne d' Jersey, ..

Seckel,
Sheldon,
Tyson
Winter Nellis
Washington
Koonce,

•*

«*
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PEACHES.

One Star (*) Fairly Successful.
Two Stars (*) Highly Recommended.

Alexander,
Beer's Smock,
Chair's Choice,
Champion
Crosby,
Early Crawford,
Elberta
Early Rivers,
Foster.
Ford's Late
Fox Seedling
Globe,
Gibson,
Iron Mountain
Late Crawford
Lewis Kalamazoo,
Lovett's Late
McAllister
Mountain Rose,
Old Mixon Free
Reeve's Favorite
Smock,
Stephen's Rareripe,
Stump,
Salway
Susquehanna
Seedling, W'liite (Londsdorf),
Seedling, Tellow (Longsdorf),
Schaffer.
St. John,
Wheatland,
Ward's Late,
Wonderful
Yocob,

1.

*•

**

•»
•*

GRAPES.

One Star (*) Fairly Successful.
Two Stars (*) Highly Recommended.

Brighton,
Campbell's Early,
Concord
Delaware,
Diamond. Moore's,
Eaton,
Herbert,
Lindley,
Moore's Early,
Niagara,
Salem
Vergannes,
Winchell (Green Mountain),
Worden

1. 3. 4.

•* *•

*
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CHERRY.

One Star (•) Fairly Successful.
Two Stars (••) Highly Kecommended.

Black Eag-le,
Book,
Conestoga ,

Cumberland Triumph, .

Coe's Transparent, ...

Carnation,
Early Purple Guigne, ..

Elton
Florence (Mt. Pocono),
Great Biggareau
Ida
Louli Philip
Napoleon
Ox Heart.
Red Jacket,
Spanish Yellow
Tartarian, Black
Windsor
Wood, Governor,

Dukes and Morellos.
Late Kentish
Relne Hortense
May Duke
Montmorency, Large
Montmorency, Ordinary
Morello, English,
Richmond
Dyehouse

•*

*•

3. 6. (.

PLUM.

One Star (•) Fairly Successful.
Two Stars (**) Highly Recommended.

Bovay (Bovay Green Gage),
Bradshaw,
Damson,
Duane Purple,
Englebert
Golden Drop, Coe's
German Prune
Imperial Gage,
Jefferson
Lom.bard
Prince Yellow,
Shipper's Pride
Simpson,
Shropshire
Washington
Wild Goose
York State Prune.
Yellow Gage (Westmoreland Co.),

•«

•*

Abundance,
Botan
Burbank, .

Red June.
Satsuma, .

Wickson, .

WlUard, ..

Japan.
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THE STATE BY COUNTIES.

ADAMS COUNTY.

Considerable attention has been paid to commercial fruit culture

in Adams county. The land is very much broken by irregular moun-

tain ranges and spurs, which render ordinary farming difficult, but

which furnish man}^ excellent sites for orchards. The soil being

strongly impregnated with iron, produces fruit of high color and at-

tractive appearance. Here the Ben Davis, York Imperial and Gano
apples are grown to perfection and with much profit, and all the

mid-season and late peaches do well. Many new orchards of both

apples and peaches are being planted this season, aod altogether, the

fruit industry seems to be in a more flourishing condition than in

any other county of the State.

ALLEGHENY COUNTY.

With the exception of winter apples, very little fruit has been

grown for market, but with proper care in selecting location for

orchards, just as good fruit can be grown here as elsewhere. Peaches

and plums are uncertain, owing to late frosts, and severe winters;

where they have been planted at the proper altitude, however, they

have succeeded very well. There is such an excellent home market

for fruit of all kinds, that a special effort should be made to produce

it.

ARMSTRONG COUNTY.

The climate is not subject to extremes of temperature, as the nortK

winds coming from the lakes are somewhat modified; the high alti-

tudes afford good locations for fruit growing. The soil on the eleva-

tions is generally of a sandy character, and is usually underlaid with

a deep clay. Good home markets are afforded by the many new in-

dustries that are springing up. Little attention has been paid to

commercial orcharding, but fruit of all kind is grown for home
consumption.

BEAVER COUNTY.

All kinds of fruit do well if properly cared for, but up to this time

it has not been grown as a special crop in a commercial way. Cher-

28—6—1902
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ries and plums do well when planted on soil suited to them. More
attention is paid to apples than to other fruit. Benoni and Keswick
Codling have been quite profitable. They are both medium early

sorts and sell well because they are good for cooking purposes. Red
Stark has also been mentioned as a very profitable sort.

BEDFORD COUNTY.

Owing to the mild climate Baldwin apples drop badly. York Im-

perial and Ben Uavis do fairly well. A red winter apple of good

quality is needed. Growers are trying Jonathan, Salome, Stark and

Willow Twig. The quality of the latter is so poor that it should be

dropped. Cooper's Market seems to promise well. Peaches and

pears should be grown with profit.

BERKS COUNTY.

Berks county has had a very active agricultural society for many
years, and the annual exhibitions of fruit have stimulated this in-

dustry very much. Considerable attention has been paid to the

development and propagation of local seedling apples, a number
of which have proven quite profitable. Benjamin's Rambo is large,

slightly acid, a good baker, one of the best sellers in the local market.

Is good from the middle of September until spring and keeps in an

ordinary cellar.

Miller, Baer or Hiester, Belmont or Gate, and Yocob, are good

keepers and do well. Krauser is one of the most profitable here as

elsewhere.

Prince Engelbert plum has been successfully grown in a number of

places.

BLAIR COUNTY.

The elevated regions are good for fruit, especially apples and pears.

Peaches can be grown, if planted above the fog line. Cherries

and grapes also do well, but very little attention has been

paid to fruit, only two or three commercial orchards are to be found

in the county.

BRADFORD COUNTY.

Bradford is a dairy county, but some attention has been paid to

fruit of late years. Baldwin apple leads as a profitable market sort.

Northern Spy, R. I. Greening, Duchesse of Oldenburg aod Yellow

Transparent do well. Vt'agoer sells well. The tree is an early and

prolific bearer, but is apt to be short lived. Peaches and plums can

be grown above the fog line. In the Susquehanna Valley we find

Concord, Worden, Moore's Early, Brighton, Delaware and Niagara
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grapes flourishing. With proper attention to this industry, Bradford

can make as good a reputation for fruit as she has already made for

her dairy products.

BUCKS COUNTY.

The red shale lands of Bucks county produce good fruit, espe-

cially apples. Ridge pippin seems to be the favorite, as it is a good

keeper and a good seller. Smith's Cider is quite extensively grown

and also Red Cider, which closely resembles Smith's, but has more

color, keeps better and seems to be a better apple.

BUTLER COUNTY.

Very little attention has been paid to fruit for market, but the

red shale land which is found in many parts of the county always

grows good fruit when the soil is deep enough for trees.

CAMBRIA COUNTY.

Is well adapted to fruit culture, although little attention has been

paid to it. The soil and climate are quite uniform. Plums, pears,

peaches and grapes have not been grown to any great extent, but are

being planted and promise well.

CAMERON COUNTY.

Is as yet undeveloped, but when planted for home use, apples,

\ caches, pears and plums have done well.

CARBON COUNTY.

Is undeveloped, but newly planted orchards that are properly cared

for are doing well.

CENTRE COUNTY.

Apples do well, and as there is a good nearby market in the various

mining towns, a full line ca« be grown from the earliest to latest. All

Mjrts of plums do well. Peaches are uncertain on account of late

frosts. Cherries do not succeed in the lowest parts of the valleys,

but on the hills, and along the base of the Bald Eagle and Allegheny

mountains they do well and are profitable.

CHESTER COUNTY.

Here we find a great variety of soil, and constantly varying local

conditions. The surface is very much broken. A certain variety of

fruit will sometimes do well on one side of a low ridge, while on the

other side it fails entirely. Although several of the oldest and most

successful nurseries in the United States are located in the county,

very little fruit is grown for market. A number of correspondents
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express the idea that Chester county is not adapted to fruit growing.

In the opinion of the writer, however, this is not the case. Much of

the soil is strongly misaceous, furnishing an inexhaustible supply

of potash. If such a soil is thoroughly drained and has the proper

altitude it should produce good fruit. We have no record of success

with plums. Apples succeed when planted in the right place.

Smith's Cider for winter and Doctor for earlier in the season, seem

to lead. Several local varieties have been quite profitable and are

rt>commended for trial elsewhere. Mother is a very pleasant, sub-

acid, red, fall apple, one of the best for use during September and

October.

Nottingham is a very good early winter sort, fair size, red color,

rather tart, a good baker and good for eating. Tree vigorous, an

early and prolific bearer. Recommended by J. Hibberd Bartram

who has planted a large orchard of them. Above All and Laurel

Pippin are two excellent winter sorts; both are high flavored, of fair

size and good ke'epers. Recommended as worthy of trial by Frank-

lin G. Brooke, of Pottstown.

CLARION COUNTY.

Little attenriou is paid to fruit growing, except for home use. All

kinds of apples do well. European plums rot; Japan plums promise

well. North and northeast exposures are preferred for fruit, as buds

are apt to be killed by late frosts.

CLEARFIELD COUNTY.

Fruit industry is undeveloped. Apples, peaches, pears and plums

promise well where they have been planted and are being cared for.

CLINTON COUNTY.

Apples are the principal fruit grown. Along the foothills of the

mountains some fine crops of Smokehouse, Baldwin, Northern Spy,

Fallawater and Rambo are raised. A few flourishing peach orchards

are reported in which Elberta, Crawford's Early, Mountain Rose,

Crawford's Late, Stump and Old Mixon are found. The leading pears

are Clapp's Favorite, Bartlett, Seckel and Anjou. Little attention

has been paid to plums or cherries, and quinces are only grown for

home use. It would seem from the reports received that many parts

of the county are admirably adapted to certain kinds of fruit, but the

farmers have never given the subject much thought.
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COLUMBIA COUNTY.

All parts of the county are not adapted to orchard culture. The

fruit grown on the hills is not only finer than that grown in the val-

leys, but the crop is more certain. Peaches bear in the valley about

two years out of five, while on hills 500 feet above the valley they

bear four years out of five. The hills generally have a yellow gravel

sub-soil. The leading apples are Baldwin, Fallawater and Maiden's

Blush; Smith's Cider and York Imperial are being planted, with good

prospects of success. Laubach (local), a red sweet apple, is grown in

different parts of the county for eating and for cider. It is a regular

bearer, hangs well on the tree; keeps in an ordinary cellar all winter.

Our correspondent reports that ''Cider can be made very late from

this variety fit to set before a temperance man or a preacher."

The peaches grown successfully in the hill orchards are Alexander,

Early and Late Crawford, Elberta, Mt. Rose, Stephen's Rareripe,

Stump and Smock. Pears: Duchesse, Bartlett, Clapp's, Sheldon and

Kieffer. Plums, cherries and grapes are only grown for home use.

The following varieties are giving satisfaction when planted in

yards and gardens: Plums—German Prune, Lombard, Abundance,

Satusma. Cherries—Spanish Yellow, Black Tartarian, Governor

Wood, May Duke, Richmond. Grapes—Concord, Niagara, Brighton

and Catawba.

CRAWFORD COUNTY.

Little attention is paid to fruit outside of the portion known as

the grape belt, lying nearest the lake. The farmers of the county

are principally engaged in stock raising and dairying. For some
years grapes have been the leading fruit grown. Of late years, how-

ever, the black rot has attacked the vineyards, and many large plan-

tations have been dug out. Many growers are using Bordeaux mix-

ture on their vines with the' hope of saving them, and some with

very good success. A few small orchards planted from 150 to 300

feet above the level of Lake Erie are producing profitable crops of

apples, peaches, pears and plums. The varieties are: Apples—Bald-

win, Golden Russet, Gilliflower, Maiden's Blush and Rhode Island

Greening. Peaches—Late Crawford, Champion and Elberta. Pears

—Bartlett, Clapp's Favorite, Kieffer. Cherries—Gov. Wood, Black

Eagle, Ox Heart, Black Tartarian. The leading grapes here as else-

where in the State are Concord, Niagara, Delaware and Moore's

Early.

CUMBERLAND COUNTY.

All kinds of fruit do well, especially along the slopes of the North

Mountain and also the South Mountain or York Hills. European

plums and cherries, both sweet and sour succeed very well. All of
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the Jaijan plums have been tried in some parts of the county with

very good success, being near market the early pears, such as Blood-

good, Catharine, Clapp's and Tyson are profilable. It has been

found that the elevated ground along the foothills of the mountain,

grow the best peaches, and the surest crops year after year. Varie-

ties of fruit are selected with a view to their market value. As all

kinds seem to succeed if properly cared for, small fruits of all

kinds, but especially strawberries, are grown in large quantities and

find ready sale in the Harrisburg, Carlisle, and Mechanicsburg mar-

kets. These are the three principal shipping points for the county.

While the soil in the valley is principally limestone clay, on the hills

we find a variety of saod, loam, shale and flint soil, all of which are

well suited to fruit culture.

DAUPHIN COUNTY

Contains a great deal of good fruit land along the banks of the Sus-

quehanna and on the elevated portions of all the valleys running

back from the river. The climate is mild, however, and apples ripen

early. Northern Spy ripens and must be sold in October. Baldwin

is in prime condition just before the holidays, York Imperial, Grime's

Golden and Strinetown Pippin have been successfully grown, and

are profitable winter sorts, when planted on moderately high land,

with deep open sub-soil. Peaches, pears, grapes and cherries flourish,

if planted on proper locations and judiciously cared for. Small

fruits have been grown in considerable quantities, but the industry

has not been as profitable of late as formerly, and in consequence,

the size of the plantations has been considerably reduced.

DELAWARE COUNTY.

Little attention has been paid to fruit culture for market. Al-

though all kinds of fruit do well if properly cared for, as is shown

by the character of fruit grown in the small orchards planted for

home use. Conestoga Seedling Cherry and Cumberland Seedling

have been found profitable. The Pyle apple originated and is grown
here. It is described as follows by Mr. Joseph H. Paschell, of Ward,
Delaware county: ''The Pyle apple originated in Thornburg, Dela-

ware Co., is very closely allied in characteristics to York Imperial,

but is a decided improvement, being better colored and smoother

shaped, bears better and sells better." Smokehouse seems to be the

leading market apple. Bartlett the leading pear. Elberta the most

profitable peach.
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ELK COUNTY.

Apples, pears and grapes do well. Only the hardiest kind of

native peaches are grown. Japan plums succeed in favored locali-

ties. All sorts of cherries can be. grown. Fruit is very uncertain

on land less than GOO feet above the creek level, as late and early

frosts kill the buds. Apples can be grown on land 100 feet above

creek level, which is about 1,200 feet above sea level. All the late

winter varieties should succeed in this elevated country.

ERIE COUNTY.

All kinds of fruit succeed, and large quantities are grown and

shipped out of the county. The grape belt has a world wide reputa-

tion for the quantity aod quality of its product. Fine Baldwin,

Spy and King apples are sent from here as can be found anywhere,

but they ripen early and are generally marketed before the holidays.

Canning factories take large quantities of cherries, plums, peaches,

Kieffer pears (which are sold to the public in cans labeled Bartlett),

(luiuces and currants. All varieties of plums and all varieties of

cherries succeed. Grape growers are making their principal plant-

ings of Concord, Niagara, Moore's Early and Delaware. It is a poor

peach county generally, but in certain parts of the grape belt are

found some fine orchards.

Corry is a poor section for fruit, being too far from the lake shore.

At Platea many vineyards are being pulled out on account of grape

rot. Growers are just beginning to spray.

FAYETTE COUNTY.

While fruit cannot be profitably grown for market in many parts

of Fayette county on account of the fumes from the coke ovens which

i«jure its appearance, yet on elevated land away from the coke

ovens, all kinds of fruit can be profitably grown. Most varieties of

winter apples ripen in the fall, but York Imperial and Rome Beauty
can be grown for late winter. Baldwin and Grime's Golden for

early winter. Northern Spy ripens in the fall and drops from the

tree before maturity. Peaches, plums and cherries must be planted

on high ground to e'scape late frosts.

FRANKLIN COUNTY.

Franklin county is destined in the near future to become the apple

orchard of Pennsylvania. Large plantations have recently been

made of Ben Davis and York Imperial, and others still larger are in
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contemplation. Smokehouse, Grime's Golden, Smith's Cider and

York Stripe have been grown with profit. Baldwin and Northern

Spy ripen too early and drop their fruit before maturity. Mid-season

and late peaches have given the best money returns. The proper

elevation for both peaches and apples seems to be from 100 to 200

feet above the lowest point of the valley or 600 to 800 feet above

sea level. The surface is very much broken, the soil on many of the

lower ridges and elevated valleys is a mixture of limestone slate

and ironstone, which is seldom found outside of this belt. Here the

finest peaches are grown. On the higher altitudes the soil is prin-

cipally disintegrated mountain rock, mixed with considerable copper

ore, which is claimed to be an ideal soil for apples, and justly so, for

apples grown on these ridges ripen much later than those in the

valley and are unusually fine and high colored.

All kinds of orchard fruit and all kinds of small fruit do well.

The demands of the market should determine the selection of varie-

ties, as all seem to grow equally well.

FOREST COUNTY.

This county is undeveloped. The information obtainable on the

subject was very meager. Apples, pears, plums and grapes can be

grown, also peaches in favored locations, but up to this time have

only been grown for home supply.

FULTON COUNTY.

All kinds of both orchard and small fruit can be grown in Fulton

county. Owing to its southern location, special care must be taken

to plant above the fog and frost line. It is especially adapted to

apple culture. Orchards planted on the red gravel ridges have

done very well. The county is as yet undeveloped, owing to the fact

that it has no railroad within its borders. There is a road, however,

in contemplation ,and when this is built there is no reason why
apple and peach culture should not be two of the most profitable

industries in the county.

GREENE COUNTY.

The high lands of Greene county are well adapted to all kinds of

fruit. Apples have been grown for some time successfully in small

farm orchards and the peach orchards that have been planted in

recent years on high ground have succeeded. Owing to its southern

location the matter of altitude is very important. The level and low

lands are apt to suffer severely from late frosts. Grapes, plums and

cherries do well and small fruits ought to be profitable, as there are

a number of good markets within easy reach by rail.
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HUNTINGDON COUNTY.

Very few large orchards of any kind are to be found in the county,

although the farms are well supplied with a variety of fruit for home

use. All hinds do well when planted on high ground that is deep

a«d has a good sub-soil. An orchard of Sinipso« plum, on the farm

of Mr. A. A. Simpson, near Mill Creek, planted in 1880 and I880 has

been yielding profitable crops since 1890; this is a new variety that

originated in Mercer county, 111. It is hardy, a good bearer and

shipper, has free seed and is a good seller. Peaches do well on high

ground. Small fruits can be grown, but the nearby markets are

well supplied with wild blackberries and raspberries from the woods,

which sell very cheap during the height of the season.

INDIANA COUNTY.

No attention has been paid to fruit for commercial purposes. The

soil of the valleys is principally heavy clay which is not adapted to

the purpose. Apples, peaches, pears and grapes can be grown on the

high ground. Japan plums that have been planted on high ground

with a good sub-soil promise well. There are plenty of good loca-

tions for orchards in the county, but railroad facilities are very poor,

except in a very small section, and while this condition continues

there is little inducement to plant.

JEFFERSON COUNTY.

Little attention was paid to the subject of fruit prior to 1890.

Since that time a few orchards have been planted with good results.

On the higher elevations all kinds of fruit do well, and there is a good

home market in the ditferent mining towns, both for orchard and

small fruits at high prices. The most profitable apples are Baldwin,

Spy, Eambo and Fallawater; in peaches, Elberta, Wonderful and

Champion have been the money makers. European plums of all

kind rot badly. Burbank and Abundance are being tried, but no

bearing trees have been reported. With its high elevation, Jefferson

county should produce the finest kind of winter apples.

JUNIATA COUNTY.

The Tuscarora ^'alley along the foot of Shade Mountain is a fine

section for fruit of all kinds. Apples and peaches pay best. Many
profitable orchards have been grown and many miserable failures

have been reported from what is known as the "Juniata Peach Belt."

The principal cause of failure has been that the trees were planted on

shallow, slaty hills, where they could not get sufficient moisture
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during the summer months. Wherever peaches have been planted

on a deep soil above the fog line they have paid well. Owing to the

mild climate, apjiles ripen early and do not keep well, but to offset

this they have good railroad facilities to market that take large

quantities during the months of October and November, Smoke-

house, Summer liambo and Baldwin can be grown for fall and early

winter. Grime's Golden, York Imperial and Rome Beauty for

later. The mid-season and late peaches have been found most profi-

table. All kinds of small fruit can be grown, but the markets

within easy reach are well supplied with wild berries. For this

reason strawberries are the only small fruit grown to any extent in

the county.

LACKAWANNA COUNTY.

Considerable attention has been paid to fruit, and many valuable

varieties have been propagated, especially is this true of apples.

The Bank apple (local), is sub-acid, medium sized, good for eating

and cooking, an abundant bearer and ready seller. It ripens in the

fall ,and is considered the best of its season wherever grown. The

Clark (local) is also much esteemed by all who know it. The level

lands do not grow good fruit, but the hillsides and higher ground

produce all kinds in perfection. The best apples are Baldwin, Spy,

King and Duchesse of Oldenburg. Pears—Bartlett, Clapp's Favor-

ite, Kieffer and Anjou. Peaches—Stump, Old Mixon, Mt. Rose,

Crosby and Fitzgerald. Plums—All seem to do well. Small fruits

do well. Strawberries are grown principally and hauled by wagon
to nearby markets.

LANCASTER COUNTY.

The farmers of Lancaster county have been so much occupied with

the production of tobacco and wheat that the fruit industry has been

sadly neglected, but there are thousands of acres not adapted to

either of these crops that might be planted to orchard with profit.

The most popular apples are Baldwin, York Imperial, Grime's Golden,

Smith's Cider, Greist's Winter and Krauser, Peaches—Elberta,

Globe, Champion, Fox Seedling, Crawford's Late, Mt, Rose and

Crosby,

Pears—Bartlett, Clapp's Favorite, Lawrence and Duchesse.

Plums—All kinds do well. Grapes, cherries and quinces are

grown for home use in all parts of the county and grow well every-

where. Spraying is only practiced by a few men as plantations are

generally too small to warrant the expense of an outfit.
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LAWBENCB COUNTY.

Little attention has been paid to fruit for market, but where

planted on high ground with a good sub-soil and properly cared for

it succeeds well. The most profitable apples are Baldwin, Ben
Davis, Fallawater, Grime's Golden and Austin Sweet. Peaches

—

Crawford's Late, Old Mixo«, Smock and Elberta. Plums—German
Prune, Damson, Green Gage and Abundance. Cherries—Richmond,

May Duke and Black Tartarian. Grapes—Concord, Delaware and

Niagara.

LEBANON COUNTY.

Most of this county is well adapted to fruit culture. The best

land is on the north side of Cornwall Hill, extending westward to

county line. Here we find gravel, sand and what is known as iron-

stone land; the best for fruit in the State.

Best apples for Lebanon county are York Imperial, Baldwin,

Strinetown Pippin, Dominie, Smokehouse and Yellow Transparent.

Peaches—Elberta, Brandywine, Late Crawford, Globe, Mt. Rose,

Stump, Old Mixon, Fox Seedling. Pears—Bartlett, Clarigeau, Law-
rence and Kieffer. Plums—Wild Goose, Abundance, Burbank, Ger-

man Prune, Prince Engelbert, Lombard. Cherries—Napoleon, Yel-

low Spanish, Tartarian, Gov. Wood, Horteuse, Richmond, Montmo-
rency. Grapes—Concord, Worden, Niagara, Clinton.

Small fruit culture is undergoing a change in this as in other

counties. Small plantations are being started all over the county,

near the manufacturing and mining towns, and the large growers are

going out of business.

LEHIGH COUNTY.

The mountains run east and west and contain a variety of soil.

Some very poor, but some very good fruit land. Apples, pears,

plums, peaches, cherries and small fruits are grown for local

market, but none are shipped out of the county. All kinds of fruit

do well on the high lands. The leading apples are Smith's Cider,

Baldwin and Smokehouse of the older sorts. A number of local

varieties are grown with profit, among which are Huudwerk and
Herter, which originated in Heidelberg township. Both are winter

varieties, long keepers, sub-acid, red-streaked, fair sized, good bakers
and good sellers. Recommended by L. B. Geiger, of Hoffman. Baer
or Hiester originated in Berks county, a heavy bearer and late

keeper. Lehigh Greening, a large, greenish-yellow fall apple, sub-

acid ,a heavy bearer and good seller. Large Yellow Pie is a large

early summer apple of first qualit}^, slightly sub-acid, a heavy
bearer. These have been recommended by Henry F. Rupp, of Seips-
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town and W. B. K. Johnston, of Allentown. The leading pears are

Bartlett, Seekel, Anjou and Kieffer, Many old pear trees of the

Calabash and "Seed Time" varieties are still found in good bearing

condition, from 90 to lUO years old, but as they die out they are being

replaced by better and more modern varieties. Id peaches, we find

Elberta, Champion, Early and Late Craw-ford, Wheatlaud, Smock
and Mt. Rose.

Both Eurojiean and Japan plums seem to do well where properly

cared for. Several orchards of both apple and peach have been

planted during the past year, and interest in fruit seems to be

growing all over the county.

LUZERNE COUNTY.

Very little attention has been paid to fruit. There is a good local

market for fruit of all kinds. On the higher altitudes high grade

winter apples can be grown, and summer and fall apples for the

local market do well in every portion of the counts'. Cherries and

peaches succeed in ma«y places. Plums have, as a rule, proved a

failure. This, however, seems to be due to destruction by the cur-

culio and ignorance of preventive measures, rather than to any cli-

matic or soil conditions. The leading apples are Baldwin, Rhode

Island Greening, Smith's Cider and Smokehouse. Pears—Bartlett,

Clapp's Favorite, Seckel and Duchesse. Peaches—Crawford's Early,

Elberta, Champion and Mt. Rose. Cherries—Gov. Wood, Tartarian,

Napoleon, Montmorency and Richmond. Grapes—Worden, Concord,

Moore's Early, Niagara and Delaware. The principal draw'back to

orchard culture in the mining region is depredation by small boys

and idle characters always found loafing around public works.

LYCOMING COUNTY.

Apples can be grown successfully in most sections. Peaches and

plums will succeed if planted on very high ground with a northern

exposure. Otherwise they are apt to be killed by late frost. No
attention has been paid to commercial fruit culture. Apples are

recommended for the general market, other fruits for local market

only. Small fruits produce enormously if properly cared for. The

most popular apples are Baldwin, Smokehouse, Spy, R. I. Greening,

Smith's Cider and Grime's Golden. Pears—Bartlett, Seckel and

Kiefl'er. Peaches—Mt. Rose, Elberta, Early and Late Crawford,

Smock and Salway.

McKEAN COUNTY.

No better place can be found for apples and pears. Some peaches

are grown on the hills, but most of the trees are young and have

not yet been proven.
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Soar cherries do well. Blue Damson is the only plum grown to

any extent, but other varieties will succeed if properly cared for.

The leadiug apples are Baldwin, Spy, King, R. I. Greening, Grime's

Golden. Boars—Baitlett, Anjou, Clapp's Favorite, Sheldon.

Little attention has been paid to small fruit culture, because wild

berries are so plentiful on the mountains and so cheap in the mar-

kets. Grov/ers are beginning to spray their apples, and to pay more

attention to their orchards. The indications are that in a few years

large quantities of apples will be raised in McKean county for ex-

port. Where the trees are properly cared for the flavor is delicious

and the quality of the fruit unsurpassed.

MERCER COUNTY.

Apples are the principal fruit, but peaches and plums do fairly

well, both sweet and sour cherries, pears and grapes are grown suc-

cessfully for home use. The leading apples are Baldwin, Spy, Hub-

bardson and York Imperial. In addition to these, a number of varie-

ties have been profitably grown. Stark, Mann and Winter Blush,

for winter, Mammoth Pippin (ripe Sept. and Oct.), and Congress

Pippin (ripe Nov. to Feb.), for fall, have been tried by Mr. A. B.

Greenlee, of New Lebanon, and are pronounced by him, along with the

four first named, the best out of forty varieties growing on his farm.

He also names the Crosby peach as the best and most profitable.

The best peach orchard is planted on a ridge from which chestnut,

oak and hickory had been cut, at an elevation of about 1,200 feet

above sea level, 100 feet above creek level.

MONROE COUNTY.

The best part of the Mt. Pocono region is in this county. All kinds

of fruit do well, but care must be taken in selecting location for

peaches, plums and cherries on account of early frosts in fall and late

frost in spring. The leading apples are Baldwin, York Imperial,

Stark, Duchesse of Oldenburg, King and R. I. Greening; Stayman's

Winesap has been fruited two seasons and gives promise of great

value. The leading peaches are Elberta, Crosby, Old Mixon Free,

Triumph, Mt. Rose, Early and Late Crawford, Chase Early and
Reeve's Favorite. The very early and very late varieties are not

profitable.

Very few plums are raised, but where properly cared for the follow-

ing varieties have done well: Lombard, Wild Goose, Abundance,
Burbank, Satsuma, Berkman and Red June. Cherries do well

wherever apples succeed. Black Tartarian, Florence, Napoleon, B.

Early Richmond, Louis Philip and Montmorency have been grown
27
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with profi*^. The Icadinjj^ pears are Bartlett, Seckel, Manning's Eliza-

beth, Howell and KielTer.

From reports furnished, we believe much of the high land could be

profitably planted with peaches, as they grow well and the market

for them is good. Winter apples of high grade can certainly be

grown with profit.

MIFFLIN COUNTY.

The climate is too mild for high grade winter apples. It is well

suited to peaches, pears, summer and fall apples, plums and grapes.

All kinds of fruit grow well if properly cared for. The county is

composed of a number of narrow valleys running back from the river,

between ridges of varying height. On the ridges and some of the

elevated narrow valleys are to be found many pockets of excellent

fruit soil, deep and rich in mineral food; also a great many stretches

of thin slate land. Many farmers have made the mistake of planting

peaches on this thin slate land a«d after several years of work and

w^aiting, dug up their trees in disgust and declare that there is no

profit in fruit. Yet no finer peaches have ever been grown than

those raised in properly located orchards in MiiSin county. The lead

ing apples are Baldwin, Ben Davis, York Imperial and Rome Beauty

for winter, Smokehouse and Maiden's Blush and Northern Spj' for

fall. Early Harvest and Summer Rambo for summer. The leading

peaches are Elberta, Late Crawford, Mt. Rose, Chair's Choice, Beer's

Smock, Globe and Stump. The leading pears are Bartlett, Clapp's

Favorite, Flemish Beauty, Seckel and Kieffer. The leading plums

are Lombard, Wild Goose, Burbauk and Abundance. Cherries

—

Gov. Wood, English Morello and Early Richmond.

MONTGOMERY COUNTY.

This being a dairy county, little attention is paid to fruit. There is

a great variety of soil and much good fruit land that could be utilized.

All kinds of fruit do well on high ground, and local markets are

plenty. Strawberries are raised to some extent for the Philadelphia

market. A number of peach orchards are being planted. Many
farmers are still plowing and planting steep hillsides in farm crops

at a loss, which could be planted to apples, pears and peaches with

profit.

MONTOUR COUNTY.

Practically no attention has been paid to commercial fruit cul-

ture, but from its location and elevation we would judge that all

kinds of fruit can be raised, the altitude being from 700 to 1,000 feet

above sea level.



No. 6. DEPARTMENT OF AGRICULTURE. 447

NORTHAMPTON COUNTY.

The soil seems to be naturally adapted to all kinds of fruit, but the

business is very much neglected. The best apple orchards are

jilanted at the base of the mountains. The winter varieties, Bald-

win, Ben Davis, Belleflower, Smith's Cider and Peck's Pleasant, are

most profitable. The summer and fall varieties are not so desirable.

Few peaches are grown. Beer's Smock, Reeve's Favorite, Champion,

Globe, Late Crawford and Old Mixon Free have been tried with

moderate success. Bartlett, Seckel, Clapp's Favorite and Kieffer

pears have been grown. From reports furnished it would seem that

the only fruit that has been grown with much profit is the winter

apple.

NORTHUMBERLAND COUNTY.

Farmers are just beginning to take proper care of their orchards.

They have the soil and location suited to the growth of all kinds of

fruit, and the local markets in which to sell. In addition, thev have

excellent railroad facilities to reach markets more remote. The best

orchards are found on the ridges on either loam, red shale or gravel

soil. The leading apples are Baldwin, Smokehouse, Belleflower, Sum-
mer Rambo, Yellow Transparent, Northern Spy, Early Harvest and
Maiden's Blush. The leading pears are Bartlett, Clapp's Favorite,

Flemish Beauty, Sheldon and Kieffer. Peaches^—Early and Late

Crawford, Old Mixon, Foster and Mt. Rose. Plums—Green Gage,

German Prune, Wild Goose, Purple Niagara and Abundance. Some
small fruits are grown for local market, but none are shipped out of

the countv.

PERRY COUNTY.

This should become one of the leading fruit counties of the State.

It is crossed by several mountain ranges, between which are found

elevated valleys and moderately sloping hills, with deep, sandy and
loamy soil, often filled with broken stone rich in iron, on which all

kinds of fruit will grow in perfection, but especially apples and
peaches. It has good railroad facilities for reaching all parts of the

State. The farmers are beginning to realize their advantages and

are planting extensively in some sections, but have not given their

orchards the attention they require.

Owing to the mild climate, all fruit should be planted on high

ground. Apples grown from 100 to 500 feet above the level of the

Juniata river keep better than those grown on lower land. It is a

great country for cherries. All kinds, both sweet and sour bear

enormous crops, but little attention has been paid to the finer sorts.

The leading apples are Summer Rambo, Smokehouse, Baldwin,
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Maiden's Blush and York Imperial. Peaches—Elberta, Late Craw-

ford, Globe, Old Mixon and Stump. Salway does well in certain

places. The leading pears are Bartlett, Seckel, Duchesse and Clapp's

Favorite.

PIKE COUNTY.

Owing to its high altitude, Pike county is especially adapted to the

production of winter apples of highest grade. Here can be grown
Northern Spy, Baldwin, King, Spitzenburg, Grime's Golden and
Gilliflower. No attention is i)aid to orchards. The trees simply

grow wild, and produce the finest fruit. Most varieties of pear do

well. Bartlett, Seckel and Duchesse can be easily grown. Plums
and cherries succeed in some places, but peaches are uncertain.

POTTER COUNTY.

The industry is undeveloped. Apples, pears and plums succeed

as far as tried, on comparatively low land as well as elevated.

Peaches have not been grown to any extent. Red Astrachan and

Early Harvest apples are grown for summer. King, Baldwin and

Spy for winter.

SCHUYLKILL COUNTY.

The character of the soil varies greatly according to the geological

formation. The mountain ranges trend N. E. and S. W. Fruit has

been planted to some extent on the ridges between the mountains;

at an altitude of from 500 to 900 feet above the Schuylkill river, with

fair success. The peach orchards are located on the eastern slopes

and level uplands formerly timbered with chestnut, while apples

are doiag better on the lower levels where the soil is rather deeper

and more clayey. At present fruit is only grown to supply local

demand at the mines. None is shipped out of the county. The land

seems to have little natural fertility, it is too porous on the hills,

while on the low lands is usually found a tenacious clay resting on

an impervious hard pan. The leading apples are Baldwin, Smoke-
house, Summer Rambo, Grime's Golden, Winesap aod Maiden's

Blush. Pears—Bartlett, Clapp's Favorite, Seckel and Kieffer.

Peaches—Iron Mountain, Elberta, Mt. Rose, Early and Late Craw-
ford, Old Mixon and Stump. Plums and Cherries are not grown to

any extent for market, being liable to insect injury, rot and black

knot. Only sour cherries and seedlings are grown. There is little

demand for quinces, r jd none are grown outside of gardens.
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SNYDER COUNTY.

On the ridges of Snyder county is found deep, black ironstone soil,

strongly impregnated with iron, which is the very best for peaches.

Large orchards have been planted in recent years, many of which

have already come into profit. On these ridges the later varieties of

peaches can be grovv'n. Salway has been planted in large quantities,

and is pronounced the money maker. The following are also grown

with much profit: Bilyeus Late October, Smock, Fords, Chair's

Choice, Elberta, Stump and Beer's Smock.

Apples are only grown for home consumption, but the soil and

climate seem well suited to them, especially the fall and early winter

varieties. Summer Rambo, Smokehouse, Baldwin, Yellow Trans-

parent, Red Astrachau, York Imperial and Belleliower have been

grown successfully. The leading pears are Bartlett, Clapp's Favor-

ite, Lawrence and Kielier. The leading plums are abundance. Bur-

bank and Imperial Gage. Cherries—Black Tartarian, Windsor,

Montmorency and Early Richmond. Small fruits are grown by a few

farmers for market, but the plantations are small and only worked as

side issues. A few intelligent, energetic men have planted orchards,

and by their judicious care have made them so profitable that quite

an interest has been manifested lately all over the county, and if

the same good judgment is exercised in the selection of sites for

orchards as was shown when the first were planted, Snyder county

is destined to make a name for herself shortly in the fruit markets

of the country.

SOMERSET COUNTY.

With its rolling surface and many high hills, Somerset county fur-

nishes many excellent locations for orchards. Owing to distance

from market, little attention has been paid to commercial fruit cul-

ture, but mining towns that have sprung up within recent years, offer

a good home market and orchards are being planted. If care is taken

to plant above the frost line, all kinds of fruit can be grown to perfec-

tion. On the higher altitudes the Albemarle Pippin succeeds, and

there is no more profitable market sort. Baldwin, Northern Spy,

Twenty Ounce and Early Harvest succeed well, also a native seed-

ling, called Spice Apple. The latter beings ripening in August and

continues ripening until October and can be kept until March. It

has a very rich, aromatic and acid flavor and is a good cooker.

The leading peaches are Alexander, Early Rivers, Mt. Rose, Cham-

pion, Lemon Free and Stump. Plums—Lombard and German Prune.

All kinds of cherries do well, but no attention has been paid to the

finer sorts. Concord, Worden, Salem, Niagara and Moore's Early

grapes do well , if planted above frost line. If care is not taken in

29—6—1902
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this, the blossoms are apt to be killed by late frosts, and this is true

of all other fruit, even apples.

SULLIVAN COUNTY.

The timber has just been removed from the greater part of the

land, and farmers are only beginning to turn their attention to agri-

culture. Owing to its elevation, winter apples of high grade can

be grown, Baldwin, Northern Spy, King, K. I. Greening, Spitzen-

burg and Grime's Golden should succeed well. Peaches are flourish-

ing at an altitude of 1.500 feet above sea level. Freight rates are

very high, as there is only one railroad in the county. Another road,

however, will most likely be built soon. This will cause competition

and freight rates will be lowered.'o'

SUSQUEHANNA COUNTY.

This is a dairy county. Very little attention has been paid to

commercial fruit culture, as freight rates are very high. The soil

and climate are well suited to apples and pears. Peaches, plums and

cherries are uncertain. Baldwin, Northern Spy, R. I. Greening, Gilli-

flower and King apples flourish and produce large crops of the finest

fruit without special care. The industry cannot be made profitable

unless lower freight rates can be secured. •

TIOGA COUNTY.

This is not a peach county, although more peaches could be grown

if attention were paid to location of the orchard. The red shale

lands which abound in the county produce high colored, fine flavored

apples, the very best of their kind. Plantations for market should

contain high grade winter sorts, such as Baldwin, Spy, Hubbardson,

King, etc. No sweet apples are grown as they do not sell well on the

general market. Pears can be grown, also European and Japan

plums, and both sweet and sour cherries. Orchards are very much

neglected.

UNION COUNTY.

Farmers are engaged in raising cereal crops, and do not pay any

attention to fruit. Many grow enough for family use, and sell the

surplus in the nearest market. Many hillsides and elevated fields

offer excellent sites for orchards, with congenial soil and climate.

Some peaches are grown for market.

The leading apples are Baldwin, Smokehouse, Early Harvest and

Red Astrachan, Pears—Bartlett, Clapp's, Seckel, Kieffer, Peaches-

Alexander, Early and Late Crawford, Mt, Rose, Elberta, Stump, Old

Mixon and Fox Seedling, Plums—Imperial Gage, Peach, Abuud
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ance, Burbauk, Ked June and Satsuma. Cherries—Goes Transpar-

ent, Early Purple Guine, Montmorency Ordinary, English Morello,

Richmond. Grapes—Concord, Delaware, Catawba, Niagara.

VENANGO COUNTY.

No attention has been paid to the cultivation of fruit. Farmers

grow enough for their own use. There are a few small orchards that

supply local markets. The soil and climate is suitable for apples

and pears. Peaches are uncertain, as the winters are cold, the ther-

mometer often falling to 15 degrees below zero. They are grown in

small quantities in favored locations.

The following varieties have been grown. Apples—Baldwin, North-

ern Spy, Red Astrachan, King, Twenty Ounce, Duchesse of Olden-

burg, Early Harvest. Pears—Bartlett, Clapp's Favorite, Kieffer and

a local variety named Koouce, which is very large, ripens in August

and sells w-ell in the local markets. Peaches—Champion, Crosby,

Elberta, Late Crawford, Old Mixon and Mt. Rose. Plums—Abund-

ance, Burbank and German Prune. Grapes—Concord, Moore's Early,

Niagara and Catawba.

WARREN COUNTY.

This is an oil region. No attention has been paid to fruit. A fev/

orchards have been planted quite recently, which give promise of

success. Apples do w^ell wherever found in the county, but freight

rates are so high that farmers are deterred from planting on a com-

mercial scale. With a canning factory to utilize their product the

fruit industry might be made profitable, as apples, pears, cherries and

plums of the finest kind can be grown with proper care and atten-

tion.

WASHINGTON COUNTY.

The farmers of Washington county have given their attention al-

most exclusively to the raising of sheep, and have neglected fruit

altogether. Maoy of the hillsides and hilltops could be profitably

utilized by planting in orchards and the two industries flourish well

together. No better plan of management can be adopted for an

apple or pear orchard, than to seed it down to grass when it has

reached a bearing age and pasture it with sheep. Farmers are be-

ginning to plant apples, peaches, pears and plums. Ov^ing to the

mild climate, winter apples, such as Baldwin, Spy and King ripen in

the fall, so that care must be taken in the selection of location.

Peache®, pears, plums, grapes and small fruits when properly cared

for seem to do well and promise to make profitable returns. The
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leading apples are Rome Beauty, Grime's Golden, Rambo, Northern

Spy, Yellow Transparent, Duchesse of Oldenburg and Summer Ram-
bo. Pears—Bartlett and Kieffer. Peaches—Elberta, Champion, Mt.

Rose, Late Crawford, Stump and Old Mixon. Cherries—Yellow

Spanish, Black Tartarian, Early Richmond. Leading plums are

Damson, Lombard and Shipper's Pride.

WAYNE COUNTY.

This is a dairy county, but altitude and soil are so favorable to

apples that we find them growing wild in the pastures and on the

hillsides. The finest winter varieties can be grown. Peaches can

be grown if proper location is selected. Fruit trees are not cared

for, and the fruit is roughly handled and carelessly packed. As a

consequence prices received for Wayne county fruit have not been

satisfactory, and the shippers have become discouraged. If the

apple trees now standing in the county were properly cared for, and

the fruit carefully graded and packed, it would command top prices

in any market. The leading apples are Baldwin, Northern Spy, King,

Hubbardston and Duchesse of Oldenburg. In addition, Mammoth
Pippin, Seek-no-farther, Black Gilliflower, and Cooper's Market are

highly recommended. York Imperial is on trial, but too young yet

to bear. The leading peaches are Triumph, Globe, Old Mixon, Craw-

ford's Early, Elberta, Crosby and Crawford's Late. These have all

been successfully fruited by Mr. E. E. Avery, of Dyberry, whose or-

chard is planted on gravel soil 1,800 feet above sea level, aod about

200 feet above water level, and who, after years of experience raising

and dealing in fruit, believes that Wayne county is a very good

place to grow fruit for market, especially winter apples.

WESTMORELAND COUNTY.

Owing to its altitude above sea level, winter apples of high grade

can be grown. Peaches can be grown on carefully selected locations.

Also cherries, Japan plums and European plums. Little attention

has been paid to fruit, but a few commercial orchards have recently

been planted, which are not yet in bearing. The soil in the valleys

is principally limestone clay, while on the upland, it is more sandy.

The best fruit and the largest crops of fruit are grown on these sandy

uplands. . The leading varieties of apples are Baldwin, Rambo, Ben
Davis, Maiden's Blush, Spitzenburg, Early Harvest and Winesap.

York Imperial is on trial in many places, but trees are mostly too

young to bear. Pears—Bartlett a«d Kieffer. Peaches—Elberta,

Crawford's Early and Late,Mt. Rose, Old Mixon and Crosby. Plums

—
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Abundance, Green Gage and Wild Goose. Cherries—Black Tarta-

rian, May Duke, English Morello and Early Richmond.

WYOMING COUNTY.

What are known as the ''Hill Lands" are well adapted to all kinds

of fruit. Frost, mildew and blight, injure trees planted on low

ground. There are good local markets for all fruit grown and much
more attention should be given to the industry. The leading apples

are Baldwin, Northern Spy, Ben Davis, R. I. Greening, Gilliflower,

Red Astrachan and York Imperial. Pears—Bartlett, Seckel, Flem-

ish Beauty and Kieffer. Peaches—Crosby, Elberta, Old Mixon and

Mt. Rose.

YORK COUNTY.

The range of low mountains known as the York Hills, which tra-

verse the county in a southeasterly direction seem to furnish all

the conditions of soil and climate needed to grow apples, pears,

peaches, plums, cherries, a«d all the small fruits to perfection. On
these ridges we find a great variety of soil, but what is known as the

iron stone land produces the best fruit, especially peaches. The San

Jos^ or Pernicious Scale has caused great havoc among orchards all

over the county and growers are much discouraged. The leading

apples are York Imperial, Grime's Golden, Ben Davis, Smokehouse

and Yellow Transparent.

Pears—Bartlett, Clapp's Favorite and Kieffer. Peaches—Mt.

Rose, Elberta, Early and Late Crawford, Globe, Smock, Stump, Fox
Seedling and Salway. Plums—Wild Goose, German Prune, Green

Gage, Abundance and Burbank. Cherries—Napoleon, Gov. Wood,
Black Tartarian, Richmond and May Duke. Grapes—Concord and

Niagara. Harrisburg and Y^ork furnish two excellent markets for

all the fruit that can be grown, and the industry was in a very flour-

ishing condition before the appearance of San Jos6 Scale.
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THE NATURAL IMPROVEMENT OF SOILS.

By Edwau]) U. Vookukes, M. A., Director of the N^eiv Jersey Agricultural Experiment Stations.

The farmer's primary source of income is the soil; the success of

his operations, therefore, depends upon its original composition and

character, its management and the handling of the products raised.

The management of a soil, however, is quite as important a factor

as the character of the soil itself, for it may be directed in such a

way as to result either in rapid impoverishment, or in great improve-

ment in productivity. In other words, the man is the most import-

ant factor in farming, as in other lines of business.

How Soils Differ.

In studying the nature of soils, we find that they possess two
distinct characteristics, which have a direct bearing upon their

fertility, or crop-producing power; one of these characteristics is

the chemical, or the power which soils possess of furnishing those

constituents that are necessary in the growth of plants, though it

is not necessary that soils, perfect from the chemical standpoint,

that is, that can furnish an abundance of the essential plant-food

constituents for all kinds of plants, shall contain the constituents

in the same proportion^ as they are found in plants. In fact, be-

cause of the origin and nature of soils, those constituents which are

contained in them in maximum amounts are found in plants in

minimum amounts, while on the other hand, those constituents which

are contained in plants in maximum amounts are found in minimum
amounts in soils, thus making the value of a soil from the chemical

standpoint dependent rather upon the relative amounts of the four

constituents, which by the continuous growth of plants are removed
more rapidl}' from the soil than the others, viz: Nitrogen, phosphoric

acid, potash and lime. These are, for this reason, called essential

manurial constituents, and the wide differences in soils in respect to

their content of the substances which furnish them are due to the

changes which were wrought in the surface of the earth during its

formation, to those which have taken place since, as well as to

those which are going on in a small way even at the present time.

It is believed that the original earth crust contained all the min-

erals now found in it, and that at the beginning they were distrib-
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uted more uuiformly throughout its mass than at present. In the

harder rocks, the sandy particles were cemented together by ma-

terials more easily disintegrated and the separation thus made in

the course of time enabled the movement of the particles so sepa-

rated in a dilTerent way, the coarser materials were distributed

and deposited as gravel and sand in one place, and the finer carried

and deposited in another, making the clay; the lime entered partly

in solution, and was distributed and finally deposited in another

place, thus giving us sandy, clayey and limy soils, all diilering from

each other in their amount and proportion of both the purely me-

chanical substances, which serve no other purpose in soils than

the support of the plants and in contributing to physical character,

and of the chemical substances which contain the essential fertil-

izing constituents, and which in their decay provide the food in an

available form.

In addition to these kinds of soils, there are others of more recent

origin, made up largely of vegetable matter, due to its accumulation

in a partially decayed state; these are frequently rich in nitrogen

and poor in all of the essential mineral constituents. These con-

siderations as to the origin of soils are valuable in indicating their

chemical composition and possible potential value.

Chemical Differences in Soils.

In the next place, fertility depends not altogether on the amount
and proportion of the essential constituents contained in soils, but

also upon the character of the mineral substances which contain

them, that is, whether they are of such a character as to be readily

disintegrated or broken down, or whether they are hard and dense,

and thus resist those agencies which are active in causing such

disintegration. It is quite possible for a soil to be rich in all of

these constituents, and still be infertile, because the character of

the substances making the soil are such as to prevent their ready

attack by those agencies which cause the constituents to become
active.

Physical Differences in Soils.

The second valuable characteristic of soils is their physical char-

acter. This characteristic is not altogether separate and distinct

from the chemical, nevertheless it has to do more particularly with

the purely mechanical substances contained in soils and their fine-

ness of division, and has an important bearing upon the actual

fertility'. In order that we may understand this matter more clearly,

it is well perhaps to point out that the substances which constitute

the bulk of soils are in an insoluble condition, while the plants
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take up their food iu a soluble condition, hence changes must take

place iu these substances before they can serve as plant food. The
plant roots themselves assist to some extent in causing this change,

thus rendering the constituents soluble, still, the great factor in

this change is the action of those natural forces, water, sun and air.

Water has a solvent effect upon the constituents of soils, and unless

it can freely penetrate and reach every portion of the soil its power

is very much reduced. That is, if the soils are so compact and dense

as to ])revent the free penetration and movement of water in

the soil, the plants are not able to readily obtain their food, and

thus make maximum growth and development, because enough is not

distributed throughout those soil layers to which the plant roots are

limited. On the other hand, soils that are too open and porous,

tbat are made up of rather coarse particles of mineral substances,

as, for example, sandy soils, made up chiefly of quartz, the water

penetrates and moves too freely, and the dissolved constituents

that are present are too readily carried away from those parts of

the soil in which the plants obtain their food, thus again not pro-

viding the best condition for its appropriation.

Furthermore, the reservoirs of water under these soils, or in the

subsoils, and which are also extremely essential, are rapidly de-

pleted, as the water escapes very freely from the soil in the form

of vapor, and this prevents the plants from obtaining so large a

proportion of the water that is stored in the earth, as if the condi-

tions of soils were such as to prevent the free escape from the sur-

face. Between these two extremes of soils, first, those with very

finely divided particles, making the soil too compact and thus im-

pervious to water; and second, those that are made up of coarse

particles', we may have a mixture of the two, which is probably well

represented by what is understood as a loam, which possesses in

part the properties of each in such a degree as to make the move-

ment of the water more nearly perfect in respect to its supply to

plants. That is, we obtain the solvent effect of the water, as well

as the free movement of it, which contributes both to the solution of

constituents and their movement throughout the soil where needed.

It, therefore, frequently happens that from soils reasonably rich

or even very rich in chemical constituents, results are obtained

that are far below what might be expected from the composition of

the soil, because their physical character is such as to prevent the

movement of water, and consequently the necessary changes which

make it possible for the plant to obtain its food. These considera-

tions are also true in a degree in reference to the action of the

other natural agencies, air and warmth. Only in the case of those

soils which possess good proportions of the various substances mak-

ing up soils, do we receive the full benefit of Nature's aids,
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The Biological Character of Soils.

The physical character of soils, also, has an important bearing

upon the question of the living organisms in the soil, whose activity

in improving soils is very important, though not api)reciated until

recent years, and not yet fully understood. Soils are not, as has

been believed to some extent in the past, dead things, serving only

as banks from which we may draw out deposits of materials, already

in a state capable of serving as food, but are rather laboratories,

in which the natural agencies, already described, are actively en-

gaged in working over the raw materials, converting them into

forms available for use. They contain millions of living creatures,

small to be sure, which depend for their life upon air, moisture and

the insoluble matter in the soil, the latter of which in the transfor-

mation which takes place in the growth of organisms, is changed

into forms which the plant can absorb.

It must not be forgotten that these lower orders of life depend for

their best growth and development upon the conditions that are fa-

vorable for the life and growth of the higher orders of life, namely,

food, moisture and warmth, and as the farmer by his practice makes
the conditions favorable for their life and thus encourages their

growth, he provides for a more rapid change of soil substances, while

on the other hand, if he by his practice prevents or in any way re-

duces the opportunities for the life and growth of these agencies, he

reduces in just that degree the i>ossible usefukiess of the potential

fertility of such soil. For example, the farmer who allows his soil by

improper treatment to become compact and hard, thus not permit-

ting the free movement of air and water, is making the conditions

unfavorable for the living organisms in the soil, and is preventing in

part the change of insoluble into soluble substances, the result of

which is food for the plant; while, on the other hand, the farmer who
by his practice makes the conditions for life in the soil favorable by
controlling the movements of water , warmth and air, obtains from

his soil a larger crop, because he has directed in an intelligent way
the agencies which assist in the change of soil substance, and which
is necessary in order to insure an abundance of available food, which
assists in the natural improvement of soils. Improvement of soils

may, therefore, be brought about, and without expense, by assisting

Nature, in changing for the better both the chemical and physical

character of soils, and by controlling the movements of the soil

solutions. Efforts in this direction may be called ''natural methods
of improvement," because the aim is to assist Nature in her work
which results in changing potential or possible into active, or actual

fertility, rather than to add to the soil substances which contribute

directly to the store of active constituents.
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The Conservation of Moisture.

While the chemical and physical character of soils are of primary

importance, and do in a large degree determine the possible pro-

ductive power of soils, still the handling of the soil possessing these

characteristics even in a high degree is of equal importance. That

is, a soil however perfect as a place for the growth of plants, or

however rich in the plant-food elements, cannot be productive

without water, and the amount of water that plants may have at

their disposal during periods of limited rainfall is measured in

large degree by the methods of practice used. This point is of so

much importance and has so intimate a bearing on soil improvement
that it warrants a rather detailed discussion of the question of the

conservation of soil moisture.

Water is one of the most important constituents of plants. If

perfect growth and development are to be attained, it is necessary

that the plant shall be able to obtain a full supply during its entire

period of growth. It is not simply a question of water, however,

for the water that plants use must exist in a special form in the

soil, and it must exist there in proper amounts. Soils may contain

too much or be too wet for the proper growth of the most useful

plants, if the water is not located in the right place. Water exists

in soils in three forms; first, free, or running water, or bottom water,

or that which fills the soil, and rises and falls as it is increased or

decreased by more or less percolating into it from the rains—the

point to which it rises is called the water level; second, capillary

water, or that held by the adhesion to the soil particles, and which

fills the openings between the particles; and third, hygroscopic

water, or that held firmly by the particles of soil. Land is too wet

for growing plants if there is too much free or running water, or

if the water level is near the surface, as it prevents the circulation

of the air and the penetration of the roots to sufficient depths.

Plants do not, as a rule, use the running water; they are able

to obtain all they need when land is moist rather than wet. For

this reason the water in soils useful for plants is usually referred

to as the moisture rather than the water of the soil. This moisture

of the soil is really, therefore, the capillary water, or that held by

adhesion to the soil particles, and while there may be too much
capillary water in soils for the best development of plants, because

certain kinds of soils may absorb too much, it is not usually a serious

matter, because the difficulty can be readily remedied, as will be

pointed out later.

The hygroscopic water is that which is very slow to escape, in

fact, it must be driven out of the soil. That is, soil w^hich appears

to be absolutely dry may still contain this hygroscopic water, and
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in order that it may be perfectly dry, it must be driven out by

heating the soil up to the temperature of boiling water for a consid-

erable period of time—at this temperature (212 degrees Fahr.) the

water vaporizes and escapes into the air. Naturally, this form of

water in the soil is not a useful one for plants, as it exists in soils

after plants have perished for lack of moisture.

Rainfall the Source of Soil Water.

The water in soils is due to the rainfall; the water-level in the

earth rising in seasons of greatest rainfall, or wet periods, and falling

in dry periods, hence, while the water that plants obtain is due to

rainfall, it does not follow that it shall occur immediately preceding

or during the season of the plant's growth. For example, there are

places where the rainfall in the course of a j'ear is so great as to

provide such a total excess of water as to cause the soil to be thor-

ougly saturated, or to keep the level so near the surface as to prevent

the growth of plants, yet luxuriant crops are grown in these places.

This is explained on the ground, first, that v.'hile the average rain-

fall is so great as to cause the soil to be thoroughly saturated, the

time of the rainfall is such that during the crop-making season a

sufficient amount only is provided for the plants; that is, that which

falls during the season that crops are not growing partly sinks into

the soil and partly runs off, and by the time the crop-season is ready,

the water level is lowered sufficiently to enable the plants to throw

their roots deeply, and they are fed with the capillary water drawn
from the reservoirs below, which were filled by the preceding rains;

and second, though the rainfall may be, on the average, too great,

the soil is of such a character, open and porous, as to enable the rapid

percolation of it to lower levels, and the climate such as to cause

a rapid evaporation of it into the atmosphere. The moisture that

may be obtained from rainfall is, therefore, influenced by two con-

ditions, the time of its precipitation and the character of the soil

upon which it falls.

An Even Distribution of Rainfall Desirable.

The water from the immediate rainfall to be most useful to plants

should be distributed evenly throughout the growing season; in such

cases, a minimum precipitation would provide for a maximum pro-

duction, if the soil is of such a character as to retain and hold that

which falls upon it for the use of the plants. Therefore, w^hile rain

is the primary source of water to plants, needed amounts may be

obtained from underground supplies. That is, the season of rainfall

may occur during the time when plants are not usually growing,

but the w^ater sinks into the soil which holds it as in a reservoir,



460 ANNUAL, P.EI'ORT OF THE Off. Doc.

and as the plants grow the moisture is gradually drawn to the

surface by the influence of capillarity, and the amount necessary

for full production is obtained, and while its original source is the

rainfall, the immediate supply to the plant is derived from that which

has fallen a considerable time previous to the period of growth of

the plant.

Wet and Dry Seasons.

In countries and States where the year is divided in respect to

rainfall into a rainy season and a dry season, the above considerations

are well understood, and methods of practice which shall result in

the conservation of moisture are of the greatest importance. In

what are called the humid regions of the country, the crop does

depend in many cases more largely upon the immediate rainfall than

upon that which has fallen previously, and in these regions there

are seasons when periods of drouth intervene, which make it neces-

sary that a study should be made of the causes which contribute to

the rapid escape of water from the soil, and thus make the supplies

insufficient to furnish plants with what they need during the grow-

ing season.

The Loss of Water From Soils.

Water escapes from the soil by rising to the surface, where it is

vaporized, absorbed by the atmosphere and carried away by the

wind. The escape of water is, therefore, principally due to capil-

larity, for as the dry air passes over the surface of the earth, as

well as circulating through the surface area, it absorbs all the mois-

ture it comes in contact with; more moisture then rises from below

to take its place, and so on until only the hygroscopic water is left

in the surface, or within the reach of the roots.

It has been observed that all soils in the same climate do not

become dry at the same rate. That is, one soil will remain wet,

another reasonably moist, and another absolutely dry, as far as

plant growth is concerned, and these in many cases may all be

located on the same farm. These differences are due to the char-

acter of the soil, or the particles that constitute it, which have a

greater or less power of retaining or holding fast to the moisture

contained in it. Or, in other words, the character and texture of

the soil influences the rate at which the water will escape. By char-

acter of the soil is meant its composition, both in reference to the

minerals that are contained in it, as well as the size of the particles

of which it is composed, or its texture.

A clay soil will hold water more tenaciously than a sandy soil.

The clay soil is composed largely of a mineral known as silicate of
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alumiua, capable of very tine division and close compaction; the sandy

soil, on the other hand, is usually made up largely of quartz, a sub-

stance hard and stony, and not easily compacted. The clay, which

is more finely divided and does not consist of stony particles, can

be compacted so closely as to prevent the rapid escape of moisture,

whereas the sandy cannot be readily compacted; it falls away again

after pressure and the air and water circulate freely through it. As
a broad, general rule, the finer the texture of a soil, the more retent-

ive of moisture it is, and the coarser the texture the more readily

will the water escape from it. In the first place, then, the greater

or less retaining power of soils for w'ater is due to their physical

character, and in order to increase or decrease their retentive power
their texture should be changed.

It must be remembered, however, that there is such a thing as

a soil being too compact from the standpoint of moisture to plants,

because this fineness and compactness prevent the ready penetra-

tion of the moisture into it; whereas, the open, porous soil permits

its ready penetration, thus the one will, because of its compactness,

result in the water flowing off rather than into it, and hence it will

not always have as much moisture at a certain definite time after

rainfall as the one which is more open and porous, and which per-

mits a larger direct absorption and a ready percolation into the

lower layers or reservoir below. Therefore, in the study of soil

moisture in reference to the plant's needs, improvements of physical

character are found to be of service, both in the humid and semi-

humid districts, as well as in the arid or semi-arid, where irrigation

is practiced; in the case of the easily compacted soil, to enable a

greater absorption of that which falls and in the open, porous soil,

to cause a greater retention of that which is absorbed.

The improvement of clay, or finely divided soil, should consist

of such operations as will sei)arate the particles, and make the soil

more open and porous; this may be accomplished by the introduction

into the soil of such substances as will coagulate, or bring together

the fine particles, thus making the soil more porous. For example,

liming a clay soil does improve its physical character and makes it

more absorptive; it seems to have the power of collecting the very

finely divided particles and partially cementing them into masses,

and making the particles larger, thus making the openings between
them greater, which permits a readier penetration into them of

water and air. So, too, the introduction of vegetable matter, as

coarse manures, influences and improves clay soils in this respect;

the absorptive power of the soil is increased by the separation of the

particles, not only, but because a substance has been introduced into

the soil, which in itself has a greater absorbing power.

28



462 ANNUAL REPORT OF THp: Off. Doc.

In the case of the sandy soil the same methods may be used,

though the results are directly the opposite of those in the case of

the clay. The addition of the lime, for example, has a tendency to

cement together and to solidify the stony particles, thus closing up

many of the pores and preventing the too rapid percolation of the

moisture to lower levels, as well as its rapid escape, while the intro-

duction of vegetable matter improves largely because the matter

itself has a greater absorbing and retaining power than the mineral

constituents of the original soil.

The aim, therefore, in both of the cases referred to is to get into

and to hold in the soils of various kinds the water that falls in the

rains, and conserve it for the plant during its entire period of growth.

That is, all methods of improvement are based upon the principle

that water that is most useful to the plant is absorbed or held by

capillary attraction, and that its escape is due to the same cause

or capillary attraction. Where water exists in soils in the running

or free state, or in a form not useful to plants, where the water

level is too near the surface, the improvement then must consist

of operations which will lower its level in the soil so that an abund-

ance of room may be provided for the distribution of the roots of

the plants, and in order that the circulation of the air may not be

impeded, drainage is necessary here, and will be discussed later.

Amount of Water Required by Plants.

The amount of moisture that is consumed by a growing plant is

comparatively enormous, that is, the amount of water required for

growing a crop is very great in proportion to the dry matter con-

tained in it. On the average, in order to obtain one pound of dry

matter in the crop, over 300 pounds of water will be required; that

is, over 300 pounds of water must have been obtained by the roots

and carried up through the plant and sent into the atmosphere from

the leaf surface. Hence, some idea of the very great amount of

water that is necessary for the growth of a large crop is gained. For

example, a crop of hay from an acre of land, which contains a ton

(2,000 pounds) of dry matter, would not be regarded as a large crop,

yet io order to obtain it, there would be required over 300 tons (600,

000 pounds) of water, and since plants vary in their needs, the max-

imum requirements for a pound of dry matter may be as great or

greater than 600 pounds, or, in other words, large crops may draw
as high as 2,000,000 pounds of water from an acre.

While the object in the conservation of soil moisture is to hold

it for use of the crop, it must not be understood that all crops are

equal in respect to their requirements. Crops differ widely in re-

spect to their use of soil moisture, depending upon the kind of crop,

the length of their period of growth and the object of their growtlh.
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As a broad general rule, the broad-leaved plants and those which

do not throw their roots deeply into the earth require more moisture

in proportion to the dry matter contained in them than the finer-

leaved plants, than those with less leaf surface and whose roots pene-

trate more deeply into the soil. For example, plants belonging to

the grass family, as the grasses, useful for hay, and cereal grains,

which do not present so large a leaf surface, and whose roots have a

tendency to go d"eep into the earth, do not use up the moisture as

rapidly as the legumes, or many of the vegetables, which have a

larger leaf surface. The latter require the maximum amount of

moisture in the soil, and sulfer seriously immediately there is any

lack.

While the total amount of water used may be the same for dif-

ferent i)lauts, the time required for their growth and maturity

must also be considered. A crop of wheat, for example, because it

requires a longer season for full maturity may obtain its necessary

moisture, though the soil contained too low a percentage to enable

a potato crop, which grows and matures quickly, to obtain a full

supply; a short drouth would not materially injure the wheat while

it might ruin the potato crop, because of the difference in the length

of the period occupied in the growth of two crops.

Where the object of the growth is succulence, and the leaf or

root constitutes the crop, as in the case of many vegetables, as let-

tuce, beets, etc., an abundant and continuous supply of moisture is

of greater relative importance than where the object is maturity,

and the seed constitutes the crop, because any delay in growth in

the former caused by lack of moisture is accompanied by a reduction

in quality, as well as yield; whereas, in the case of wheat or other

cereals the influence of delays in growth are more readily overcome,

besides the yield rather than quality is affected. These considera-

tions are useful in suggesting kinds of crops to grow under condi-

tions of known rainfall.

A caieful review of the principles here pointed out shows the im-

portance of adopting and using methods that will aid as far as possi-

ble in retaining in the soil the moisture necessary for the growing

plant; or in other words, to so direct it that it may pass through the

plant into the atmosphere, rather than directly into it from the

surface of the soil.

Conserving Moisture.

To do this, is called ^'conserving moisture," and many of the opera-

tions of the farm, which are now carelessly performed, which result

in useless losses of moisture, may be changed so as to make them
assist very materially in saving it for the use of the crop, and while
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the location of the soil, its character, its composition, its texture

and the kind and character of crops all exert an influence, and

while the principles as pointed out must be understood, the judg-

ment of the farmer must be exercised in using the various methods

that may be suggested, iu order that they may apply to the best

advantage in his particular case.

What is Meant by Tillage.

In the first place, tillage results in conserving moisture, that is,

tillage, while ordinarily performed for the sake of getting the land

in condition to receive the seed, and for the sake of removing or

preventing the development of foreign growths, may be carried out

in such a way as to accomplish oot only these objects, the primary

purpose in the minds of many, but also to accomplish great things

in preventing useless loss of moisture, and thus result in providing

the plants with their normal requirements. Tillage consists ordi-

oarily in plowing, cultivating, harrowiog and rolling, and each of

these operations may be so directed as to needlessly waste soil moist-

use, or to couser^'e it. Just how plowing has an influence in con-

serving soil moisture is readily understood when we remember that

the moisture contained in the lower layers of the soil escapes at the

surface of the soil by meaos of small holes or tubes formed by opea-

iugs between the particles; in the process of plowing these openings

or tubes are broken and the escape of the moisture from below, if not

prevented altogether, is considerably retarded until sufficient time

has elapsed to form the connection again with the surface. There-

fore, it makes a great difference in plowing whether the furrow is

thrown in a solid mass or whether when the furrow is turned

the soil breaks into fine particles so that the entire surface is really

a mass of separate soil particles. In the first case, the soil remaining

solid the connection between the surface and the lower layers of soil

is readily made, while in the second the loose mass of soil particles

prevents a ready connection, considerable time must elapse before

the capillary tubes join the surface with the lower laj'ers. Natu-

rally, the moisture contained in the soil turned by the plow will be

liable to escape more rapidly than before, because the freshly turned

surface is immediately presented to those natural agencies, namely,

air and warmth, which are potent in drawing out and carrying it

away. Nevertheless, the great reservoirs lying underneath are proof

against these forces, in proportion as they are protected by the com-

pleteness or incompleteness of the soil mulch made in the process

of plowing.
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The Effect of Tillage.

In the next place, the moisture in the surface soil may be very

largely retained if shortly after the plowing is done the cultivator

and harrow are used to make still more fine the particles of earth

thrown up by the plow, thus retaining in part that which would es-

cape if the tillage w^ere not practiced. Tillage, to conserve moisture,

while confined to the cultivated crops, as corn and potatoes, does

exert an influence also upon these crops, which by virtue of their

character cannot be cultivated, as hay, wheat, etc., as well as upon
the others, because previous tillage, viz: harrowing, plowing, etc.,

are operations which result in breaking up the particles of soil and
thus making the surface soil itself a place where w^^ter will pene-

trate more readily and freely, as well as enabling the roots to

ramify freely in every direction, and giving them a larger surface

area from which to draw their moisture in times of drouth or in

frequent rains. It is apparent, therefore, that tillage exerts an

influence in conserving the moisture, not only for the immediate

crop, but for future crops as well, because improving the soil in

such a way as to make it more absorptive and retentive of the water

which falls a considerable time previous to the planting of the crop.

The Object of Drainage.

In the next place, drainage is an important operation in improving

the absorptive and retentive power of soils for water. A common
idea is that drainage by lowering the water-table is only intended

to remove the moisture that is present in too great amounts and

that it does not exert any influence in providing moisture for crops

during a period of insufficient rainfall. This idea is in part errone-

ous, for the very fact that the w^ater-table is lowered enables a more
rapid percolation of the w^ater of the rains in every direction in the

soil, than if the drains were not there, and as the water percolates

and is absorbed more fully, the crops that follow have a larger area of

moist surface to draw their water from than if the surface area of

the soil through which the roots can penetrate was limited. Be-

sides, the lowering of the water-table has a very importanrt; in-

fluence in improving the absorptive property of soils by virtue of

the fact that it enables the penetration of the air to greater depths,

which changes its physical and mechanical character, making heavy

soils, particularly, more open and porous.

The Advantages of a Mulch.

Another method which is only practicable for small areas, is the

use of a mulch, which may consist of any loose material spread over

30—6—1902
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the soil and which acts as a blanket to prevent the rapid escape

of moisture into the atmosphere. The principles involved in this

case are quite similar to those described in the case of tillage and

plowing. The water is prevented from escaping because the mulch

distributed upon the surface soil prevents the immediate contact

with it of the hot, dry winds; these affect first and directly the

mulch itself, which protects and cools the surface. The use of

mulches for small areas is very helpful, and while not practicable

on large areas it can be made of practical value in gardens and

orchards and for special purposes.

Growing crops are regarded as of use, also, in conserving mois-

ture, though in a different way, particularly in the humid climates,

since a soil well covered with a crop will absorb proportionately

more of the rainfall than one lying bare, largely because it prevents

surface drainage. Furthermore, the rapid escape of the w^ater in

the atmosphere is prevented because, as in the case of the other

forms, the winds do not come in immediate contact with the soil,

thus more of the moisture passes off through the crop rather than

directly into the atmosphere. In the case of crop mulches grown

as a catch for the primary purpose of covering the soil between

the regular crops of the rotation there is a further advantage in

that the vegetable matter accumulated by them is incorporated

with the soil, which is materially improved because of the intro-

duction into it of a substance which in itself, as already pointed

out, has a higher absorptive power. This vegetable matter as it

decays becomes what is known as "humis," a substance which exer-

cises a very important influence upon the productive power of the

soil.

Burning Straw a Wasteful Practice.

In many section® of our country, particularly in those States

which possess soils rich in fertility elements, it is the custom to

burn straw and other refuse vegetable matter. This is a bad prac-

tice, for even if it is not needed for improving the productive power

of the soil in respect to other elements, if it is used as a mulch and

incorporated with the soil it would assist very materially in retain-

ing moisture for crops during the period of insufficient rainfall. If

the straw is not needed for bedding and other purposes it should

be distributed over the land, serving first as a mulch and then incor-

porated with the soil, thus improving its absorptive and retentive

power. ''!'•;
i 'l'":|^:^|

The Effect of the Eolling.

'

Kolling the soil is another means by which moisture may be

conserved, though the results of the use of this tool should be
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understood. Its best use is in the preparation of the soil for seed-

ing by mashing lumps and clods, in solidifying it and making it fine

and friable. If used after seeding, it compacts the soil and leaves

the surface smooth, thus providing the very best conditions for the

rapid movement of air over the surface and, therefore, causing the

ready abstraction of the moisture from it. It should not be freely

used on heavy clay soils that are often already sufficiently finely

divided and which are liable to become too much compacted, even

under natural conditions, but rather upon open soils, those that are

of a loose nature, as sandy and gravelly, in order that the particles

may be pressed closer together, and thus to prevent the rapid es-

cape of the water. Nevertheless, in dry seasons the roller is use-

ful at time of seeding, because the compacted surface and the

greater evaporation therefrom cause a rapid drawing up of the

water from the lower layers to the surface of the soil, enabling a

quicker germination and a more rapid early growth. In other

words, the rolling tends to draw the moisture from the lower layers

to the surface layer, and its use can be recommended after seeding

under the conditions named. The roller should be used during the

preparation of the soil, and if used after seeding the surface should

be again stirred by a harrow, which makes a light soil mulch, or

after it has performed its function in making fine and friable the

seed-bed.

In order to guide the farmer in respect to the application of the

general principles here laid down, the following general suggestions

are made.

When to Plow.

It has already been pointed out that plowing aids in the conser-

vation of soil moisture. The question that naturally arises first,

is what time shall plowing be performed in order to obtain the best

results. It is obvious that for certain crops, as winter wheat or

fall seeding of any sort plowing must be done in summer or early

autumn, unless the land is fallowed, whereas for spring planted

crops, as Indian corn, spring wheat, oats, barley and a number of

others, it does not necessarily follow that plowing shall be done in

the spring; fall plowing for these presents many advantages, though
there are also disadvantages, and these must be carefully weighed
before the practice is adopted. For example, the ideal condition

of soil during winter is to have it occupied by a growing crop, be-

cause in this condition it readily absorbs and holds the moisture

and prevents, in large measure, losses that occur through drainage

from it of the soluble plant-food constituents, still the effect of

freezing and thawing, and of oxidation, which take place when land
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is plowed in the fall, oftentimes results in a greater increase in imme-

diate fertility than is accomplished by allowing the soil to remain

in sod during the winter.to

Soils Suffer Loss of Water When Bare.

In the case of lands that are not plowed in the fall, but which

are allowed to lie bare during the fall and wunter, they become hard

and compact, particularly clay soils, and the rainfall is not absorbed

but is lost, because of the rapid surface drainage. Hence, on ac-

count of the loss in the drains and streams, the season's rainfall,

which with care might furnish sufficient moisture for a maximum
production, is deficient and the crops suffer.

Fall plowing, by opening up and making more porous the surface

soil, permits the ready penetration of water into it, as well as its

percolation into the lower layers or subsoil, where it is held for

the summer crop. In fall plowing no attempt should be made to

thoroughly fine the surface, or to make it smooth, for this will en-

courage the soil to run together, or compact, particularly those of

a clayey nature. Of course, this fall plowing applies more particu-

larly to soils of a heavy character, or those which are compact or

stubborn, rather than soils of good physical character. Fall plow-

ing on sandy soils w^ould not be of any particular advantage, as

they do not compact, and rains penetrate readily during any season

when land is not frozen.

If fall plowing cannot be accomplished, then the plowing should

be done in early spring, in order that the capillary connection be-

tween the disturbed surface soil and the lower lavers mav be estab-

lished before the spring rains cease, this, followed by deep culti-

vation and thorough pulverization of the surface previous to plant-

ing contribute materiallv to the conservation of moisture.

Deep plowing also contributes to the absorptive power of soils,

and conservation of moisture, because providing for a much larger

area of soil for the penetration of the roots, and if practiced in the

fall, the best time to increase the depth, the inert material thrown

up weathers during the winter, and the resulting chemical changes

also improve the physical character, as well as increasing the active

fertility of the soil. If the plowing is left until the late spring, then

deep plowing is not so advantageous for many crops, as shallow

plowing, for if there is sufficient rainfall in the early season the

surface soil is soon dried and the roots of the young plants have not

had time to penetrate deeply enough to take advantage of the

reservoir of moisture lying underneath, whereas, if the plowing is

shallow the roots soon reach through into the solid bed below,

which contains the moisture, and the plant is enabled to resist more

effectuallv anv drouth which mav follow.



No. 6. DEPARTMENT OF AGRICULTURE. 469

Cultivation After Planting.

In order to retain the moisture after the crop has been planted,

cultivation should be deep, early, and' gradually lessened as the sea-

son advances, in order that in the early season the rainfall may
penetrate to the lower layers, and in the later season the mulch

provided by the cultivation may not be so deep as to enable the

complete drying of the surface soil. The advantages of continuous

cultivation are also marked, inasmuch as every time the soil is

stirred the connection between the lower layers and the surface

is broken and the water below must seek new outlets for escape;

and until these are obtained the water is retained for the use of the

plant.

The method of cultivation also should be observed. On soils

naturally well drained, cultivation in ridges contributes to the

loss rather than the conservation of moisture, as the ridges lying

so much above the main surface of the soil dries out more

rapidly than if level cultivation is practiced. Naturally, in wet

climates it is frequently advantageous to ridge the soil, in order

to provide for the rapid drainage of the water, but in soils where

the need is for water rather than for lack of water, ridge culture

is not advantageous.

Frequent tillage, or continuous cultivation, also tends to increase

fertility, by causing a more rapid change of the insoluble constit-

uents into soluble forms. The constant stirring of the soil brings

new particles into contact with sun and air. In soils rich in dor-

mant or locked-up food, this method of improvement, which results in

increasing their direct fertility is strongly commended, since it can be

accomplished without any outlay of cash and by the regular labor of

the farm.

Further Methods of Improvement.

Soils may be further improved, namely, in two directions, first,

by saving in the soil for the use of the plants those constituents

which by improvident and irrational methods of practice are likely

to be lost; and second, by adding to the soil such amendments as

may increase the activity of the constituents already there, or which

may contain such substances as are essential for the growth of

plants.

Losses Due to Methods of Practice.

One of the means whereby soils may become impoverished, or

at least be reduced in productivity, is through the losses that occur

from improvident methods. For example, it has been demonstrated

that plants obtain their food in a soluble form, and unless it is

taken up when it has become soluble there is danger of its being
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carried away in the rains that pass through it. A saving, there-

fore, may be effected by keei^ing the land constantly occupied with

growing crops, in order that food which is made available may be

absorbed by the roots of plants and converted into organic forms

which by their decay render it serviceable to other crops. The

methods of practice quite common in the East require that the

land lie bare at certain seasons of the year and some times for long

periods, during which severe losses of plant food may occur, the

chief element of which is the expensive constituent, nitrogen.

Experiments conducted by Sir John B. Lawes, at Kothamsted,

England, showed that land in good condition, left bare from early

fall until spring, would lose an equivalent of 37 pounds of nitrogen

per acre. It was also shown that this could have been held and

appropriated by crops. This loss of nitrogen may not seem a

great matter at first glance, but a study of the losses in relation to

crop production shows that it is really very serious. In the first

place, this loss of nitrogen, which is possible and probable on good

soils left bare, is more than equivalent to the amount contained in

the average yield of wheat, rye, oats, corn or buckwheat; besides

the nitrogen which is carried away by the drainage water, is in

the very best form for feeding the plant, or it would not have

been lost, and thus its absence leaves the soil not only poorer in

this constituent element, but poorer in the sense that the remainder

of it in the soil is in a less useful form. While the amount and

time of rainfall cannot be controlled, its effect upon the soils in

causing loss may be largely governed if proper attention is given

to the matter of growing catch crops, in order that the land may
be constantly occupied.

Another source of natural loss of nitrogen, is its escape as gas

into the atmosphere, due to the oxidation of vegetable matter,

which takes place very rapidly when soils rich in this substance are

improperly managed. In the system of continuous cropping which

is obeerved in certain sections of our country, the annual losses of

nitrogen are much greater than the amounts carried off in crops,

and while continuous cropi^ing is not so generally practiced in the

East the losses that occur, because of improper methods of rotation,

which leave the land bare for any length of time, are very consid-

erable. Indirect losses may occur, too, because the conditions are

made unfavorable for the activities that are present in the soil.

Take, for example, the rotation which allows the land to remain

bare from the early part of July until September, when the rota-

tion of corn, oats, wheat and grass is practiced. After the oat crop

is removed in July the land is frequently allowed to lie uncovered,

particularly in dry seasons, for a month or six weeks, during which
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time the weather is often very dry, usually very hot; the tempera-

ture of the soil is raised to the point which reduces the activity,

if not destroying altogether the soil organisms, and because of the

absence of these the changes that take place later are very ma-

terially reduced. Rotations should be adopted which will permit

the continuous covering of the soil by regular crops, or such catch

crops as will keep the land covered between the seeding of the

different ones in the rotation. A discussion of the crops adapted

for this purpose will be found in subsequent pages.

There are also losses of mineral elements, which may be prevented

by keeping the ground covered by the growing crops. For example,

lands that lie bare during the late fall, winter and spring are liable

to be washed and gulleyed, and the finer particles on the surface

carried either away from the land or to such points as to make it

impossible to utilize them in the growth of crops. This loss may
be avoided if the above suggestions are followed.

Improvement Due to Soil Amendments.

Another method of improvement, which is partly chemical and

partly physical in its character, is the addition of lime. This can

hardly be regarded as a natural method of improvement, because

additions have been made to the soil of substances not before pres-

ent; still it differs from the addition of manures or fertilizers, which

contain the essential fertility constituents, nitrogen, phosphoric

acid and potash, as the improvement is due, not so much to the

direct action of the substances added as to their effect upon the sub-

stances already in the soil. That is, the function of the lime is

to increase the active fertility of the soil by action upon the sub-

stances there, and thus causing a greater absorption by the plant

of the nitrogen, phosphoric acid and potash already in the soil, and

without adding thereto that which was not there before. The three

main ways that lime may improve soils are : First, hy attacking the

vegetable matter^ thus assisting in the change of the combined

nitrogen into active, and by the reaction of the lime with certain

phosphate and potash compounds, rendering them available to

plants. This function of lime, however, is only largely valuable on

soils already rich in vegetable matter and mineral constituents.

The second function of lime is to change the physical character

of the soil; for example, on heavy clay soil, whose particles are finely

divided, and whose texture is so dense and compact as to prevent

the easy penetration and movement of water, the lime helps to coagu-

late the fine particles of the soil, thus making it more open and

porous, and permitting the penetration and free circulation of air

and water. While upon the sandy soils, which are too loose and

open and texture, and which permits a too free movement of water,
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the effect of the lime is to cement the particles together and make
the soil more compact, which increases its absorptive properties

and a consequently greater retention in and utilization of the food

in the soil by the plant.

The third function of lime, in to neutralize any acid that may be

present in the soil, and which not only injuriously affects the growth

of certain kinds of plants, but which is destructive to the life and

growth of many of the lower organisms. Naturally this function

of lime will be exerted whenever the lime is used for the other

purposes mentioned, still there are cases where it would be desira-

ble to use it only for this purpose, in which case the application

may be much less. The advantage of lime in the growth of legumi-

nous crops, for example, is not altogether because of the fact that

this class of plants requires an abundance of lime, but because the

lime exercises a favorable influence upon the physical character of

a soil, besides making it neutral, and thus a better medium for the

growth and development of the soil organisms, which have the

power of gathering nitrogen from the air and which cannot thrive

without air or in an acid medium.

The Importance of Vegetable Matter.

The lines of practice which have been suggested, in order both

to prevent losses from soils and to improve their physical character,

namely, the continuous cropping system, which holds fast to the

available food in the soil, liable to be lost when the land is uncropped,

and the addition of amendments which assist in making the neces-

sary changes, also includes the further advantage of adding to the

soil that which it did not before possess, viz: vegetable matter,

or humus-forming material, which also improves the soil, not only

in its absorptive properties for both moisture and plant food, but

which contributes to the store of active essential constituents. The

various crops that may be used to attain the first mentioned pur-

pose, however, do not possess an equal value in this respect, and

unless the principles which govern and the conditions under which

they are grown, as well as the influence of the crops grown upon

future productivity are well known the results obtained may not

be always satisfactory.

Kind of Crops to Grow.

In the first place, the crops that may be used are divided into two

distinct groups, in one group are included those plants which can

obtain the necessary nitrogen for their growth only from soil sources

and called ^'nitrogen consumers," and, therefore, when plowed down

do not add to the soil any essential constituent element and are only
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serviceable in improving the physical character and absorptive prop-

erties of soils. The members of this group include the cereal grains,

the grasses, buckwheat, turnips, rape, etc., yet, because of their

time of growth and period of rapid dt^'elopment, it is often desira-

ble to grow crops of this class, particularly where the primary pur-

pose is to prevent losses of plant food rather than to rapidly build

up the soil in nitrogenous organic substances.

The second group of crops includes those plants which belong

to the legume or clover family, and which do not depend solely

upon soil sources for their nitrogen, but can obtain it from the air,

these in their growth and removal from the soil need not materially

reduce the content of soil nitrogen, but rather particularly when
plowed down directly add to the crop-producing capacity of soils

by improving their physical character and by increasing their store

of nitrogen. In order that a plant of this group may obtain its

nitrogen from the air, however, the soil must contain originally, or

must be inoculated with a specific organism, the presence of which

in the soil is manifested by the growth of nodules upon their roots

and through which it is believed the plants obtain their nitrogen,

though the exact process is not yet fully understood.

Advantage of Legumes.

The use of this class of plants, therefore, possesses a- three-fold

value in the improvement of soils, first, in absorbing and retaining

the soluble food in the soil; second, in providing vegetable matter,

or humus-forming material, which contributes to the physical im-

provement of soils; and third, by adding to the store of nitrogen in

the soil, the element most likely to be deficient, and which can be

used by plants whose sole source of nitrogen is the soil. Fortu-

nately, because of the number of plants belonging to this group,

and because of their wide range of adaptation to the various con-

ditions, it is possible to introduce one or more of them into the

regular system of farm practice, without interfering with useful

and profitable rotations. Many of them, for example, the various

clovers, red, crimson and alsike, are already grown extensively, and

their value in the rotation well understood by practical men. There

are many others, however, whose characteristics have not been

carefully studied until recent years, and whose usefulness are just

beginning to be appreciated. Among these are the Canada field

pea, the soy bean, the cow pea and the various varieties of vetch,

all possessing that valuable power of appropriating for their use

the free nitrogen of the air, and thus contributing directly to the

potential fertility of the soil. The plants of this group are often

called, and properly, "nitrogen gathering" crops, and their renovat-
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ing and improving character sue seldom over-estimated. A brief

discussion of the various plants suitable as renovating crops, to-

gether with their characteristics and relative advantages must
naturally precede specific directions as to their use.

Catch Crops, "Nitrogen Consumers."

The crop more generally used, primarily, to prevent losses during

late fall and winter, is rye. The advantages of this crop for this

purpose are that it may be seeded late in the year, after other erop«

have been harvested, grows rapidly, withstands the winter well,

is a good forager, makes a rapid earlj growth, which may be plowed
down for early crops as corn, potatoes, tomatoes, etc. Furthermore,

the cost of seeding is small, and farmers are familiar with the hand-

ling of the crop. Its chief value, however, lies in its hardiness, with-

standing well severe weather, and its habit of late fall and early

spring growth, which holds the soil and prevents washing and me-

chanical losses; it readily absorbs the available food present in the

soil, and even when plowed down early contributes in some degree

to the humus-forming substances in the soil, and thus improves its

absorptive properties.

Wheat possesses the characteristics which have been mentioned

for rye, though not in the same degree. The seed usually costs

more, and satisfactory growth requires a better preparation and

fertilization of soil than for rye; besides, the plant is not so hardy

and starts later in the spring. It is, therefore, as a rule, less satis-

factory for the purpose than rye.

Buckwheat is another plant of this order, which has been used

very largely as a soil improver, particularly in the breaking up of

new lands, and for this purpose is a useful plant. Its season of

growth is during the summer months of July and August, when
conditions are usually favorable for the progress of those activities

which cause changes in the soil substances, hence is able to make
a relatively large growth on medium poor land; when grown as a

renovating crop it improves the physical character of soils by keep-

ing the soil covered during the hot season and by adding vegetable

matter.

Certain varieties of the mustard plant are extensively used as

a summer catch or fallow crop in other countries, particularly Ger-

many; the plant grows rapidly and is able to subsist on rather poor

soils, thus accumulating in the surface soil materials more readily

appropriated by other plants. It, however, does not present any

peculiar advantages for American conditions not possessed by the

more familiar crops grown here.
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The turnip also possesses characteristics of value, owing to its

rapid appropriation of food in cool weather and consequent large

growth during the late fall. These varieties which root deeply are

preferable, because they gather a portion of their food from lower

layers of soil and store it in their enlarged bulbous roots, near the

surface; besides this peculiarity, the growth of the crop is an impor-

lant factor, as it exerts a favorable influence upon the physical char-

acter of the soil. It causes a separation of the soil particles and

permits a freer access of air. The disadvantages of the crop is that

it dies at the beginning of winter. Still, if a considerable crop is

grown, the mulch, consisting of roots and leaves, will hold the soil

together, besides preventing as rapid a leaching as if the soil were

entirely exposed.

Dwarf Essex rape is another plant that may be grown as a cover

in the late fall and to serve as a mulch during the winter, and for

these objects serves an admirable purpose, though possessing the

disadvantages mentioned for the turnip.

All of the crops here mentioned may be made virtually catch

crops and thus not interfering with a regular rotation, and even if

pastured or completely removed they leave the soil in a better con-

dition than if no crop had been grown; the soil is improved, because

its functions have been exercised and at a minimum expense.

Catch Crops, ''Nitrogen Gatherers.'"

Of the "nitrogen gatherers," the clovers as a class are perhaps

the best known, though it is believed that a brief description of the

characteristics of the various useful plants belonging to this group

will be helpful.

Red Clover.

The renovating character of a crop of red clover is well known,

and even when only the stubble and roots are the source of the

additions made to the soil, the improvement which follows is very

marked. Farmers know that corn or wheat seeded on a clover sod

will do much better than when seeded on raw ground or on sod from

grasses. It is ordinarily a biennial though sometimes the life will

continue through three seasons. Its characteristics are such as

to make it adapted to a wide range of soils and of climatic condi-

tions, though it thrives best on good soils, well supplied with humus.

It is liable to be uprooted on wet soils by the alternate freezing

and thawing in spring, and to be destroyed by hot weather on light

sandy soils. The amount of seed to be used when the purpose is

to secure the largest crop of clover is about 12 to 16 pounds per

acre, depending on the character of the soil, the better the soil the

les« the amount of seed required.
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The ameliorating influence of this crop upon soils is due primarily

to two causes, first, to the extensive root system, which is distrib-

uted widel}^ throughout the soil, and to great depths in it, thus

changing to some extent its physical character, as well as the stor-

ing up of food in a large tap-root near the surface of the soil, in

organic forms, which readily decay; and second, because the plant

is a "nitrogen gatherer," the crops of clover removed do not exhaust

the soil of nitrogen, but rather add to its store, hence the succeeding

crops have at their disposal a larger amount of this element than

if they were preceded by the grasses or cereals, which are "nitrogen

consumers." The wider and more frequent use of red clover can

be commended from all standpoints, where the increase in and the

maintenance of natural fertility are important, and in general farm-

ing these jjoints are always important.

Mammoth clover is a near relative of the red variety and resem-

bles it closely. It is a coarser plant and a greater forager; where

clover is grown solely for use as a green manure the Mammoth may
often be substituted with advantage for the red. It is also better

adapted for wet lands than the red. The amount of seed used may
be the same as for red clover.

Alsike Clover.

Alsike clover is believed to be a cross between the red and white

clovers. It has a semi-creeping habit like the white variety and

only does well when seeded with a variety making a more upright

growth, as the red or Mammoth. The mixture is desirable, since

the alsike iis better adapted for cold, moist soils and is also hardier

than the others, withstanding w^inters that kill the red and Mam-
moth varieties. A good practice in grow'ing these varieties of

clover with the cereals is to sow early in spring on the wheat or rye,

seeded in the fall, and at which time timothy has been seeded, at

the rate of 8 to 10 pounds per acre; the usual mixture of alsike and

red is two pounds of the former to eight of the latter, using about

eight pounds per acre. The seed of the alsike is so much smaller

Ihan the red that seeding in these proportions results in a very

even mixture of the clovers. The seeding may, however, be made
with advantage during the summer and early fall, without cove'

crop, either for turning under in spring as green manure or for \ay

or pasture. Such seeding should be made on soil well p^-.pared

and the seed lightly covered.

Crimson Clover.

Crimson clover is an annual, and because of its useful character-

istics has made a place for itself in American agricultural practice.
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Its habits of growth are not so well kuown as those of the other

varieties described and for this reason, among others, is not so gen-

erally' distributed even in those sections where it thrives well. Its

habits are such as to make it undesirable to substitute it for the

red, though it may well sui)plement it, and thus add another useful

clover crop to our list. It is essentially a cool weather plant, thriv-

ing well in late fall and eary spring, and maturing seed in the

middle States about June 1st. These characteristics of growth make

it especially suitable for a catch crop, which may be used without

interfering v.ith regular rotations. It has proved hardy in the

eastern and middle States, though many failures are reported, which

are probably due in large part to the failure to observe in its seeding

the peculiar habits and characteristics of the plant. The impression

that because it is a catch crop it will grow well on poor soils with

other crops, under all conditions of season and climate and without

particular care in seeding, is erroneous. Like other plants, crimson

clover must have food—it is affected by drouth and cold and severe

weather; it cannot subsist with other crops, which rob it of moisture

and plant food, and it must be carefully seeded, in order to insure

against adverse conditions, though when conditions are favorable

it will catch and grow from a -simple sowing of the seed on raw
ground. It should preferably be seeded at the rate of 12 to 15

pounds per acre, on a well prepared seed-bed and covered lightly

with harrow or weeder. It is not suited for spriog seeding, as it

ceases to grow as soon as hot weather comes, the best period for

seeding ranges in the eastern and middle States from July 1.5th to

September 1st; it may, therefore, be used as a. catch crop, seeded in

com, berry patches, orchards, etc., after the regular cultivation has

ceased for the seasoo and after early potatoes, tomatoes and other

crops harvested early enough in the season to enable its roots to get

a hold of the soil and to make coosiderable top before cold weather

sets in. While it requires a good soil for its best development it is

well adapted for light sandy soils if well supplied with mineral

food. It will grow later in the fall than red clover, because not

injured by frost, and also make a more rapid spring gi-owth than

any of the other clovers seeded in the late summer. Where the

land is light and poor, a dressing of acid phosphate, say at the rate

of 150 pounds per acre, will materially aid in securing a catch and

insuring a crop. Its early maturity is one of it» most valuable

characteristics from the standpoint of its use as green manure,

making it possible when seeded in corn, for example, to secure a

considerable green manure crop, in time to plow down for another

corn crop. When the plants are largely destroyed because of se-

vere winters, the accumulated nitrogen and organic matter in the

S9
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fall is sufficient to amply repay the cost of seed and seeding. Stud-

ies made at the New Jersey Experiment Station show that a good

thick crop, six inches high, will contain nitrogen and organic matter

equivalent to that contained in five tons of yard manure; that the

nitrogen is quite as useful for the corn plant as that contained in

the manure, besides it is evenly distributed and there is no labor

involved in its application. Another advantage of the crimson

clover is that it is a spring green manure crop, thus permitting a

return from it in the same season in which it is used. It will pay

farmers to carefully study the habits of this plant and then to

introduce it in their rotations as a soil renovator. If failures occur

the cause should be learned au^J a remedy sought; discouragement

should not follow one or two failures; remember that red clover

sometimes fails. It has succeeded in many instances when red clover

has failed.

Other Varieties of Clover Sometimes Used.

There are various other varieties of clover which possess useful

characteristics, though with the possible exception of sweet clover,

which is sometimes used in the south, they do not possess advant-

ages superior to those varieties already mentioned. The sweet clo-

ver {Melilotiis Alha), is a rank growing plant and is quite common
as a weed along roadsides and in waste places. It is seldom culti-

vated, either for forage or green manure, though it seems to have

the power of acquiring food from sources inaccessible to other plants

of the same family. It thrives particularly well on soils rich in lime.

Experiments with it in Alabama, Mississippi and Ohio show that

it in common with other legumes aids in soil improvement. Its

use is recommended only where other varieties do not meet the

requirements.

Alfalfa.

Alfalfa belongs to the clover family and while one of the most
valuable of this class of plants, from the forage standpoint, is not

adapted for use as a green manure, because of the difficulty of

securing a stand, and because of its comparatively slow early growth.

It is a perennial, which does not reach its maximum annual growth

until the second or third year after seeding.

The Field Pea.

The field pea, the variety that is used for forage, for cover crop or

for green manuring, is usually known as the Canada field pea, though

the name includes a number of varieties, as the Golden Vine, Prus-

sian Blue, Green Field, Mummy, etc., any one of which is satisfac
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tory for the different purposes. This field pea does not differ iu

appearance nor characteristics from the ordinary garden pea. It

thrives well in the more northern States, only in the cool moist

weather of early spring and late fall, and for this reason is not

adapted to sections eoutli of the middle States, and its use as a cover

crop, or for green manure is limited for this reason, as well as to

the fact that it does not grow well except on good soils. Still, there

are occasions when its use will meet conditions not provided for so

well by other plants. For example, it nmy be seeded in September,

or even early October, periods too late for the seeding of other

legumes, and because of its rapid growth makes a crop before freez-

ing w'eather; the crop serving as a mulch during the winter, pre-

venting the wasting of sandy soils due to high winds, and the accum-

ulated nitrogen and organic matter provide readily available plant

food for spring sown crops. It has proved of great advantage in

many lines of farming, where the crops are not removed early enough

to permit the seeding of crimson clover, or other leguminous crop.

It should be seeded at the earliest possible time in spring, and in

fall, not earlier than September 1st, at the rate of one-half to two
bushels per acre, and the seed well covered, preferably two to four

inches.

Cow Peas.

The cow i)ea is probably neither a pea or a bean, as it differs

widely from both, still it belongs to the same family, as do the clo-

vers and field peas. Its origin is authoritatively stated to be the east,

where it has been cultivated for thousands of years; it is believed

to have been introduced into this country in the early part of the

eighteenth century. Its best development is found in warm cli-

mates, hence in this country it has found a congenial home in the

southern States, where it reaches its maximum development. A
large number of varieties have, however, been developed which are

adapted to cooler conditions, so that now it is well distributed even

throughout the north, where it is proving itself one of the best an-

siuals, and its adaptation to various uses and the rapid and large de-

velopment of plant, make it one of the most useful of the legumes

for soil improvement.

Varieties.

The natural tendency of the plant toward variation has resulted

in a large number of varieties, though the permanent and distinct

ones are comparatively few; the same variety is given a different

name in different parts of the country, as, for example, one variety

goes under the name of Unknown, Wonderful and Quadi'oon. In

addition to the confusion arising from this practice. The selection

of a variety is still further complicated by giving the same name to
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a number of varieties, as, for example, the name of Crowder is ap-

plied to any variety in which the seeds are closely packed together or

crowded. The further fact that the season and climate exert such an

influence upon the plant as to make a variety in one place very dif-

ferent in its character than in another, makes it difficult to give posi-

tive advice as to the selection of varieties for specific purposes. The

different varieties range in form from a bush a foot or so high, with-

out runners, to those possessing vining or trailing habits, the vines

reaching a length of from ten to twenty feet long, according to soil

and season. The pods also range from four to eighteen inches in

length, giving seed of every possible shape and form. The period of

mature growth also varies, as do the habits of growth. The different

varieties ranging in their time of maturity from two to six months,

though the habit of growth does bear some relation as to the time

required; the smaller the plant and the more nearly it approaches

the bush form the shorter the time required for maturity, while

the more rapid the growth and the larger and longer the vines the

longer the time required. In order to select the proper variety

for the various purposes, the object of its growth should be clearly

understood. Where short, quick growth and maturity are required

then, particularly in the north, the bush variety should be selected;

whereas, if the purpose is for forage, and the period of growth can

be extended, then the vining varieties are likely to be more useful.

In cases where they are grown primarily for green manures, then

the time during which they grow should determine the variety to

select. It is more difficult to select varieties for the north than

for the south, as the plant has not been so carefully studied in this

section. Nevertheless, the Early Black, Whippoorwill, Wonderful

and Clay varieties have proved excellent for the various purposes.

The Early Black, where the seed crop is desired, as it grows and

matures quickly, whereas the others are better adapted for forage

and green manure, as the longer they grow the larger the crop of

succulent forage in one case, and of total crop in the other, except

in the case of green manures, when only two or three months can

be given to the growth of the crop.

Method and Time of Sowing.

The time of seeding the cow pea will depend upon the character

of the weather; they should not be seeded in spring until danger of

frost is past and the soil is thoroughly warm. In cold, backward
springs many failures have been recorded, because of too

early seeding; the seed are liable to rot in cold weather,

and if germination takes place the plant is retarded in

growth in cool weather and the crop is unsatisfactory even if
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warm weather follows. This is of particular importance where they

are seeded for forage or hay, as very often crops are failures because

the seeding was so early as to cause the weather to injure the plant,

and thus prevent its early growth. Neither should they be seeded

later than two months before the average date of frost, as the

first heavy frost will destroy the young plants and no variety that

is now known will reach a satisfactory stage of growth for any pur-

pose inside of this period. For forage and for green manure the

crop may be sown broadcast at the rate of from one to one and one-

half bushels per acre, or may be drilled in with an ordinary grain

drill. If the seeding is not made too early, broadcast methods are

very satisfactory. If, however, the early growth of the plant is

retarded then weeds obtain a foothold and it is likely to be choked

out.

Where the object of growing the crop is for seed, then planting

should be preferably in drills, from two to three feet apart, or a little

closer than for corn, and the amount of seed may be reduced to

three pecks per acre. Seed should be covered from one to two

inches deep and on very light soils a little deeper. The season to

some extent governs the depth at which seed should be planted—in

a dry season the deeper the seed the better. The difficulty in late

summer seeding is that crab-grass is liable to choke out the plants.

There is perhaps no other crop that is so generally useful for

soil improvement as the cow pea. In the first place it grows during

the hot summer, when it is desirable to have the ground covered

and its long tap-root penetrates into the subsoil, loosening it and

making it more porous; and in the second place, the absorption and

assimilation of the free nitrogen in the air by this crop, which is

characteristic of all the legumes, makes it one of great service,

even when the crop is used for forage and only the roots and stubble

are left as additions to the soil.

In using the cow pea it may be plowed under while green, or may
be left on the surface as a mulch during the winter, and plowed
under in the spring. It may be partially grazed and the stubble

and roots plowed under, and in any case the improvement of the

soil is very marked. Where the forage can be used to advantage

and the object is to gradually improve the soil, then the better plan

is to remove it either for use as green forage or for hay, as on good
soils the stubble and roots left will furnish sufficient nitrogen to

supply the early needs of a cereal crop. On light soils it is also de-

sirable to remove part of the growth, as the turning under of a too

heavy crop of cow peas would be likely to injure rather than to im-

prove the physical character of the soil. The danger from plowing

under heavy crops of green manure is not so marked in the north as

31—6-—1902
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in the south, where the temperature range is high for a longer period.

On heavy clay soils the improvement in plowing under heavy crops

is very marked.

Soy Bean.

The soy bean has a strong central root, stiti' stems, broad leaves

and somewhat resembles the ordinary bean, though it is larger and

bushier in form. The plants may be dAvarf and early maturing, or

late and tall, though in no case do they vine as do the vining and

trailing varieties of cow peas. There are a number of varieties—the

Green seems to be the variety most generally used and the crop

from it varies according to the season and climate. This j)lant re-

sembles the cow pea in many of its characteristics, namely, that it

should not be seeded until the soil is warm, and where grown for

forage it should be preferably planted in rows, in order that it may
be cultivated. For green manuring purposes it may be seeded

broadcast. The amount of seed per acre will vary from one to one

and one-half bushels when broadcast, depending upon how well

the seed are covered; when seeded in rows the amount of seed may
be reduced to one-half bushel, or three pecks, per acre. The land

should be put in good conddtion, in order that germination may be

prompt. It does not possess, for green manure purposes, any charac-

teristics different from those mentioned for cow peas. In fact, ex-

perience thus far shows that the soy bean is slightly more difficult to

handle, and the yields are not so heavy, though the j)]ant contains

more nitrogen in the dry matter than the cow pea. It has been

grown for green manure purposes when there has been a scarcity

of the seed of the cow pea, and many prefer it to the cow pea, be-

cause it is easier to completely cover the plant in plowing, whereas

a large crop of cow peas is particularly difficult to plow under.

The decay of the plant will probably be quite as rapid as the cow

pea, and hence serve quite as well as a source of nitrogen to the

cereals.

Velvet Bean.

The velvet bean has attracted a great deal of attention lately in

the southern States. It originated in the tropics, and has proved

successful only in the southern States. In Florida it has been one

of the most useful of the forage plants and is highly regarded as a

green manure crop. It grows well on light, sandy soil and the

yield is ordinarily about the same as for the cow pea. The season

of growth is much longer, and for that reason the seed cannot be

matured except in the south. The results of experiments conducted

in the middle and eastern States show that it is not well adapted

for these sections, and does not make as satisfactory a crop for any

purpose as the cow pea.
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Sand, or Winter Vetch.

This vetch is an annual, and is a native of western Asia. It

has been recently grown wih success in the middle, eastern and

southern States. It is a trailing plant, thus making it ddflficult

to harvest for forage, unless seeded with some small grain, as wheat,

oats or rye, to serve as a support. It may be i)lanted either in spring

or fall, at the rate of about one and one-half to two bushels per acre.

It grows much better upon light, poor soils than cow peas or soy

beans, and for such conditions is much superior as a green manure
crop. The cost of seed thus far has practically prohibited its use,

except in cases where small areas are grown.

Soil Inoculation.

The superior advantages of the leguminous crops as green ma-

nures, are due in large part to the fact, as already pointed out,

that they are capable of obtaining their nitrogen in part, at least,

from the air, a source inaccessible to the other class of plants. It

must be remembered, however, that in order that this function may
be exercised it is necessary that there shall be present in the soil

certain organisms which attach themselves to the roots of the

plants; their presence in the soil is indicated by the formation of

tubercles or nodules on the roots, which range from a pin-head to

a pea in size. Where these nodules are not present on the roots it

is an indication that the proper organisms are not present and that

the legumes, in common with other plants, must derive their nitro-

gen from the soil, and thus from the standpoint of accumulation

of nitrogen they are, under these conditions, no more useful than

the cereal crops.

Methods of Inoculation.

In view of these facts it becomes necessary in order to obtain

the full benefit from the growth of the leguminous crops, to see to

it that the proper organisms are present in the soil. This may be

readily accomplished by inoculation, or introducing the specific or-

ganism into the soil. That is, soils in which these ofganisms are

not present may be supplied with them by using a portion of the

soil where they are present to introduce them. Experiments that

have been conducted show that a small quantity only is necessary

to accomplish the purpose, for example, a peck or one-half bushel

of soil taken from different parts of a field which contains the

organisms will, if sown broadcast over an acre which does not con-

tain them, introduce the organisms, which multiply and dis-

tribute rapidly, and be prepared to do their work for the crop. Once
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the organisms are present in the soil there is but little danger

that they will be destroyed under good conditions of practice, and

if the crops that are grown upon the area which has been inoculated

are used as food for farm stock and the manure used elsewhere

upon the farm the chances are that the organisms will be generally

distributed, so that the work of inoculation is not a serious matter.

It very often happens that in the growing of such crops as cow

peas and soy beans the first crop grown will not show the tubercles

on the roots, but that the second one grown will b§ well supplied

with them, indicating that the organisms are very often introduced

into the soil by means of the seed, and seedsmen in some cases now
make it a practice in harvesting their crops of soy beans and cow
peas to pull them instead of cutting them, thus in threshing, ming-

ling more or less of the soil which contains the proper organisms

with the seed and which when removed leave the seed well inocu-

lated.

The Amount of Nitrogen Gathered.

It does not follow, however, that even when these organisms are

not present in the soil that all of the nitrogen contained in the crop

of the legume grown has been gathered from the air, as it has been

shown that the plants would preferably take soil nitrogen, and,

therefore, that on good soils, well supplied with nitrogen, the propor-

tionate amount of nitrogen drawn from the air will be much less

than that will be the case when the crop is grown on soils poor in

nitrogen. The exact amount of nitrogen gathered by a crop can-

not, therefore, be exactly determined, though it is believed to de-

pend upon the character of the soil, whether rich or poor in available

nitrogen, hence the usefulness of the legumes as a means of acquir-

ing nitrogen is greater when grown upon soils poor in this sub-

stance; these soils are, however, more greatly benefited by the

accumulation than those previously rich in the element nitrogen.

The Importance of an Abundance of the Mineral Elements.

It has also been prettj^ clearly demonstrated that the proportion

of nitrogen gathered by the plant from tlie air, particularly upon

poor soils will depend upon the supply in the soil of the other neces-

sary plant food ingredients. That is, soils poor in nitrogen and

oftentimes poor in physical character if not well supplied with the

minerals, phosphoric acid and potash, will not produce a large crop

of cow peas or soy beans, or any other leguminous plant, because its

grows and development depends upon the ease with which it may
acquire the necessary amounts of the other elements of nutrition.

Hence, in attempts to build up poor soils by means of green manure
crops it is quite as necessary to fertilize with the minerals, in order
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to insure maximum giowtli, as it would be ia order to grow any

otlier crop, the purpose of which is the crop itself, rather than for

its effect in soil improvement. This is entirely reasonable, as the

mineral constituents cannot be attained from any other source than

the soil, and they are quite as essential in the complete growth and

development of a crop as is the nitrogen.

The point is, that green manuring does not result in building up

and making better a soil that is naturally poor in the mineral con-

stituents. It can only contribute the nitrogen, and that in itself

is not a complete food, it is only one of the essential, though very

important elements. On heavier soils, overlying strong subsoils,

as, for example, clay loams, and which are usually rich in dormant

mineral constituents, the practice of growing the legumes may re-

sult in building up the soil, both in available nitrogen and in availa-

ble minerals, as these plants have the power of acquiring the min-

erals from such soils more readily than certain other classes of

plants, and thus by their growth there is an accumulation of nitro-

gen, as well as an accumulation of the mineral elements in a more
available state, and the soil is improved in all directions without

the direct addition of any fertilizing substance. The roots running

deeply in the soil and subsoil gather the mineral food and store

it in their larger roots near the surface, where it is not only avail-

able from the standpoint of other plants reaching it, but available

from the standpoint of its being more readily acquired by them.

Such soils may be improved and kept in a high state of fertility

by the frequent growth of a renovating crop, whereas, on light soils

which are poor in all constituents, the improvement will be in pro-

portion to the amount of minerals supplied, as they will measure
in a degree, at least, the rate of appropriation of the nitrogen.

These considerations are practically true for all of the plants in

the group of legumes that has been considered, though the different

plants may apparently differ materially in their rapidity or degree
of growth, even on the same soil and without the addition of other

materials. The fact remains, however, that genuine improvement
of poor soils cannot be expected from the growth and use of green

manure crops alone.

The Plowing in of Green Manures.

Another point that should be clearly understood in the matter
of soil improvement by means of green manures is the time for plow-
ing down the crop. In the first place, the character of soil exerts

an influence on this point. As a broad, general rule, there is danger
of injury to light soils in plowing down a heavy burden of green

material, particularly in warm weather, whereas upon heavy soils
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the danger is very much less, and in fact ordinarily quite remote.

Hence, in the discussion of the subject the influence of the season

of growth of the plants is worthy of consideration. If the crop

which is intended for green manure matures rather early in spring,

then the time of plowing under must be governed by the purpose

of the growth of the crop which follows, as its development will

be materially influenced by the operation. Take, for example, rye,

representing the class of ^'nitrogen consumers." This crop makes
a rapid, early development, and if allowed to entirely mature it

not only draws heavily upon the available food constituents of the

surface soil, but rapidly and often completely exhausts it of mois-

ture. Hence, if plow^ed down in its mature state it will result in

leaving a mass of vegetable matter not readily decayed between the

surface and the subsoil, thus cutting off absolutely the connection

between the surface and the reservoir of water lying below.

Should, therefore, dry weather follow, the decay will be very slow

and the succeeding crop will have only the food and the moisture

that are contained in the surface soil turned over, and from this

the available food and the moisture have been largely extracted

by the maturing of the large crop of rye.

Spring Green Manure Crops.

Hence, it is readily seen that the time of plowing down the green

crop is a matter of the very greatest importance. Rye is an ex-

cellent green manure, if properly used. It should, therefore, be

plowed down not later than when just coming into head, when the

vegetable matter is immature, which readily breaks down and

decays, and when the smaller growth of the plant has made but

little demand upon the soil for moisture. Furthermore, in this

early stage of growth the vegetable matter does not make so bulky

a mass between the surface and subsoil, and thus the capillary con-

nections between the upper and lower layers are readily made,

and hence not preventiog the next crop from securing its needed

moisture.

The principles involved here are practically the same for crops

of a leguminous character. For example, crimson clover, which

has been seeded in corn, or that has been seeded in orchards for

the purpose of accumulating nitrogen, also prevents mechanical

losses and contributes to the improvement of the physical character

of the soil. Still, the time of plowing down the crop is of the very

greatest importance, not only in its influence upon the character of

the soil itself, but upon the growth of the subsequent crop. Should

the crop mature, and the weather conditions be entirely favorable,

and there is sufficient moisture and warmth, then no danger may be
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apprehended iu allowing it to mature, but if the primary purpose is

not to secure the full benefit of the clover crop, but rather to ensure

the growth of the succeeding crop, whether it be corn or peaches,

pears, plums, etc., then the use of the crop, its time of plowing down,

should be made when it will not interfere with the primary pur-

pose in its growth.

Fall Green Manure Crops.

In the case of crops that are grown during the summer the con-

siderations in reference to soil still hold true, and even in a greater

degree, since crops i)lowed down during the summer are more liable

to rapid fermentation than those plowed down in the spring. Trou-

ble from soil acidity may result from plowing down in the late

summer or fall crops grown in the summer, still, the results of

such practice will depend considerably upon the time that they

are turned down and the character of the weather which fol-

lows. Cow peas, for example, that have been seeded in July and

have grown through August and September may be plowed down
in October vrithout any danger to the succeeding crop or soil, uoless

the weather conditions are very unfavorable, as, for example, dry and

hot, in which case the dangers pointed out in the turning down of

the rye in the spring in its mature state would be likely to follow.

Otherwise, if the weather should continue moist and hot, the rapid

decay of the vegetable matter would be likely to result in a too

rapid fermentation, probably inducing acidity of soil; this would

not be likely to be a real danger except upon very light, open soils.

On heavy clay soils, where the texture is more dense the tendency

would be to prevent the too rapid entrance of air, and thus cause a

more uniform decay.

When to Lime.

Where the crop is very large and where the conditions pointed

out here are anticipated, the better practice will be to remove in

part at least the burden of crop. It is desirable, also whether in

the spring or fall use of the manure crops, to see to it that there is

sufficient lime in the soil to assist in the fermentation, as well as to

neutralize acids that may be developed. Hence, where green ma-

nuring is i)racticed, there is greater need of the occasional appli-

cation of lime. It is not necessary that it shall be applied in all

cases, since the application of, say 25 bushels of stone-lime per

acre, in a rotation once in four years, would be likely to meet all

the needed requirements for lime. If these suggestions are ob-

served in reference both to soil inoculation and the plowing in of

the green crops, there is no question as to the advantages that may
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be derived from the practice. It will result, not only in building

up soils poor in that important element, nitrogen, but will contribute

materially to the improvement of their physical character, the water-

holding capacity, and their consequent crop-producing power. On
soils rich io potential fertility, the continued and judicious use of

green manures will materially improve the mechanical character

of the soil, not only, but will be very influential in the maintenance

of fertility, without large additions of the minerals, phosphoric

acid and potash.

The Amount of Nitrogen Contained in Average Crops.

While it has already been pointed out that it is very difificult to

estimate the amount of nitrogen that the leguminous crops will

draw from the air, the following tabulation shows the nitrogen

and organic matter that are contained in an ordinary crop of the

various plants:

Cow peas,

Soy beans,

Crimson clover, ..

.

Alsike clover, . .

.

Red, clover,

Canada field peas

Ton
'er Acre.
Green.
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air or not, makes it important to use care, in order to prevent too

large accumulations of this element. The danger, particularly in

the case of certain cereal crops and fruits, is that the excess of

nitrogen would be likely to cause an abnormal growth, that is, an

undue leaf and wood growth. As in all other lines of farm practice,

it is the judicious use of nitrogen that results in maximum returns.

Practical Application of Principles.

In order to give the most practical information to the farmer,

the discussion of the use of the various plants described will be

considered, first, in reference to those grown for the primary object

of preventing losses in soils, and their consequent indirect improve-

ment, due both to the saving of valuable soil constituents, and to

the addition of vegetable matter; and second, in which the object

of use is primarily to build up wornout or run-down soils, both in

their physical character and their nitrogen content. In order that

the matter presented may be directly applicable in present practice,

it is necessary to select a method of practice now largely followed

and which if continued will result in loss, and point out how the

plants may be used and losses may be prevented, and what the gains

are likely to be other than the saving of the food in the soil.

The Losses that Mav Occur in Rotation.

The common rotation of corn, oats, wheat or rye, and clover, may
be taken as an example, because as usually conducted it is wasteful

of fertility, due to the fact that no improving crops are introduced

between the cereals, and only one in the rotation, and if the clover

fails there is no renovating crop grown. By this practice it is im-

possible to prevent losses due to leaching, since the land is left

bare for a part of two years. The sod land is used for corn, if

it happens to be clover, the striking benefit of the clover in fur-

nishing an abundance of nitrogen is apparent. The corn crop is

usually harvested in early September, at a time in the season when,
because of favorable conditions of weather preceding, namely, warm
and moist, there has been an accumulation in the soil of nitrates

due to the breaking down of the vegetable matter contained in the

clover crop. After the removal of the corn, the land is left bare,

except possibly a few annual weeds, the nitrates that have been
formed and are ready to immediately feed another crop, and which
are freely movable are carried away into the drains by the

heavy rains liable to come in the fall. If heavy rains do not come
in the fall, then the spring rains, which come before another crop

is planted, carry at least a part of the nitrates so essential for the
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nourishment of the early seeded crop away from the soil. The fur-

ther disadvantage is that with the soil bare during this period of

five or six months, the mechanical losses due to the high winds of

winter and spring and to the washing of the surface are very consid

erable, especially on light land.

The losses that have resulted because of these conditions leave

the soil depleted of a part of its active constituents, hence when

the oats are seeded in the spring the crop may start promptly, due

to the nourishment contained in the seed, but this consumed, the

young plants soon become hungry for food, the available nitrogen,

which is necessary for a rapid growth is lacking and it does not

make proper development until the conditions of warmth and

moisture are again favorable for causing changes to take place

in the soil, unless directly fertilized or manured. After the oat

crop is removed, usually about the middle of July, the land lies bare

again until the seeding of wheat or rye in September. During the

summer season, the losses from leaching are not likely to be so

serious, except in seasons of unusual rainfall, but if not wet, the

weather is usually very hot; the rays of the sun strike direct into

the soil and the temperature, particularly if it is sandy, rises very

high—the soil becomes dry and hot, in which case the organic life

present in the soil is likely to be destroyed. That is, because of the

high temperature at this season the soils are not improved by lying

bare, but rather injured, and when the fall crop is sown, instead of

an accumulation of available food in the soil, for the wheat or rye,

there is a deficiency, because the agencies active in promoting

changes of dormant into active foods have been in part destroyed.

The succeeding year crops must, therefore, be fertilized to ensure

a good start, and a sufficient root-hold upon the soil to carry them
through the winter. These, in brief, are the unfavorable conditions

in a rotation of this sort, a rotation in many ways a desirable one,

but which as ordinarily conducted results in a rapid exhaustion of

soil, though one which permits of great improvement if properly

modified by the use of catch crops.

The Use of Catch Crops Improves the Rotation.

In order to prevent losses, as well as to provide for an accumula

tion of food in the soil, the following suggestions are made: In the

first place, crimson clover may be seeded in the corn, just before

the last shallow cultivation, at the rate of 12 pounds per acre. If the

seed is well covered it will germinate very quickly, though the

plants may not make much growth until after the corn is removed,

owing to the rapid absorption of food and moisture by the corn

in the last stages of maturity. The plants will, however, then start
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up aud grow rapidly and if the weather is favorable often cover the

ground with a mat six or eight inches thick, tilling the entire sur-

face soil with line rootlets, which absorb and hold fast to the avail-

able nitrogen already there, and which would otherwise be lost,

besides, they would acquire from the air a part at least of the

nitrogen which is so valuable an element. This crop would, too,

hold fast to the soil and prevent mechanical losses due to washing,

so liable to occur in winter.

In many cases it is desirable to pasture because the large fall

growth of the clover, if not removed, wall increase the danger of

smothering in winter. Should, however, the conditions not be

favorable and the plants die before spring, the nitrogen in the fall

crop, either absorbed from the soil or accumulated from the air,

will amount to an equivalent of five to six tons of yard manure per

acre, in addition to the improvement of soil due to the considerable

organic matter in the crop. The crop may be turned under at any

time when it is convenient for the oats which follow the corn, thus

not interfering in any way with the rotation, though naturally the

amount of food gathered for the oat crop will be small, owing to

its early seeding. The gain here is chiefly due to the prevention

of losses. When there is injury to the clover crop, due to very dry

weather following seeding, or because of unfavorable conditions

which make careful seeding impossible, the advantages gained by

the use of this crop may be in part attained if with the clover is

mixed seed of the turnip, or Dwarf Essex rape, a half pint

of seed per acre of each of these plants, used with the clover seed,

using the same amount of clover, will be sutficient to give a consid-

erable number of plants per acre, and will not interfere with the

growth of the clover, should the conditions be favorable for its

development, and if not, then the covering of the soil by the plants

of the turnip and rape will be sufficient to absorb and retain food

that is liable to be wasted, besides there will be an accumulation of

vegetable matter useful in the improvement of the soil and in the

feeding of other crops. The soil will be covered, even though the

plants die, with a mulch of vegetable matter that will prevent the

washing and mechanical losses due to heavy storms. Where
neither crimson clover, turnips or rape are regarded as available

plants for the purpose, then rye or wheat may be seeded at the last

cultivation of the corn, at the rate of one and one-half bushels per

acre.

By this method of practice a growing plant of the "nitrogen con-

suming" class is used, which will in its growth hold fast to the

available food liable to be lost, besides filling the ground with roots

and preventing mechanical losses. This crop may be turned under
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early in the spring without interfering with the rotation, though nat-

urally the only gain will be the saving in the soil of food that would

be liable to be lost. The chief advantage of the nitrogen consuming

crops when used for this purpose, has been, as will be observed from

the previous discussion, is to hold fast to food that may be lost, as

the growth of the crops will not in anj^ large degree increase the

constituents in or improve the properties of the soil, as the oats

seeded early in the spring will prevent the crops from making any

considerable accumulation of food from soil and air.

The next point to be considered is the protection of the soil, as

well as its possible improvement after the oats are harvested, and

before the succeeding crop is planted. It is preferable in this case,

of course, to use a plant which will accumulate nitrogen from the

air, renovating rather than exhaustive in its character, as the crop

which follows, namely, wheat or rye, is a nitrogen consumer, whose

entire and only source of nitrogenous food is the soil. A nitrogen

consuming crop, as millet, for example, or even buckwheat, would

use too completely the available food in the surface soil, converting

it into organic forms and hence make the conditions of soil less

favorable for the wheat in respect to available plant food, than if

the crop had not been grown. Furthermore, a crop must be grown

which develops rapidly, in order that a large accumulation of nitro-

gen and organic matter may be made in a short time, say six weeks

or two months. For this purpose, therefore, no better plants can

be suggested than the cow pea or soy bean.

It is not necessary in the seeding of these plants that the land

should be plowed after the oats are removed, if the surface two or

three inches of soil can be made fine with a Cutawav harrow, in

fact, this is a better practice than to plow, as the losses of moisture

due to the preparation will be much less and the possible effect

of dry weather in part avoided. Hence, immediately after the

oats are removed prepare the land and seed cow peas or soy beans

at the rate of one and one-half bushels per acre; they may be broad-

casted, harrowed in, or put in with the grain drill, and preferably

dressed with 250 pounds per acre of a mixture of four parts of

acid phosphate and one part of muriate of potash. This added fer-

tility is to ensure an abundance of available mineral food, so neces-

sary in order that the plant may be induced to appropriate nitrogen

from the air. This, of course, will remain in the soil for the use

of the wheat or rye, which follows. At this season, if there is suffi-

cient moisture, the plants germinate quickly and grow rapidly and

will in six weeks make a considerable crop.

The advantages of growing a crop of this character are, first, that

the soil is very soon covered with a plant of a large leafy growth.
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thus protecting the soil from the direct rays of the sun, and prevent-

ing the destruction of organic life, due to hot and dry conditions,

and in the second place, there is an accumulation of nitrogenous

vegetable matter, which when plowed into the soil is useful for the

succeeding ''nitrogen consuming" crop; and third, there is no inter-

ference with the growth of the regular crops of the rotation. That

is, even though the period of growth is not long enough to cause

the complete development or full maturity of the plant, it can be

turned under when convenient, with the satisfaction of knowing

that even though a small crop has been secured the soil is better,

both physically and chemically, for the growth of the following

wheat crop than it would have been if the land had been left bare. '

Failures Should not Discourage.

As in the case with a number of other crops, failures sometimes

occur, particularly in the catch of crimson clover. This is not al-

ways due to the season, though frequently such is the case. It is

my judgment that the failures are more frequently due to the lack

of proper preparation of the soil and seeding. In many cases the

plants are starved in the beginning because the rapid growing of

the corn absorbs the food and moisture, hence, if the seeds are placed

deeply the danger from this source is not so great. It often hap-

pens too, that the preparation of the land for corn and its cultiva

tion have not been of the best; the land is hard and cloddy and thus

too little food is available for the clover. Sometimes, too, the soil

may be slightly acid, which would make it an unfavorable medium
for the growth of the soil organisms, whose presence have so im-

portant a bearing upon the growth of the crop; strict attention

to those points which are important in the growing of any money
crop is quite necessary in the successful growing of catch crops.

It is recommended that where failures have occurred that the seed

be covered more deeply and that in the preparation for corn the

land be well tilled and preferably limed, say at the rate of 25

bushels per acre, either the year before planting on the sod, or early

in the spring after plowing, and well harrowed in, and on land not

in a good state of cultivation, this practice should be followed by a

broadcast dressing of acid phosphate at the rate of 250 pounds per

acre. The lime will neutralize the acidity of the soil, the acid phos-

phate will ensure an abundance of available phosphoric acid for the

plant, which requires considerable in its early growth and a deeper

seeding will cause a better hold of root and enable the plant to

withstand a lack of moisture, which is one chief diflficulty encoun-

tered in the seeding with corn. In the growing of the cow pea,

after oats, it is very desirable if the best results are to be obtained,
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that the plant have at its disposal a sufficient amount of available

phosphoric acid; the addition of this for the benefit of the catch crop

will not be lost, but be recovered again by the crop of wheat, and

by making conditions favorable for the growth of the cow pea the

plant is in a position to fully exert its function in the way of appro-

priating nitrogen.

Danger of Injury to Soil by Green Manuring.

A word of caution should be given concerning the turning under of

green crops as manure. If the conditions of season are not favor-

able, i. e., too warm and moist, the land may be injured rather than

benefited by the turning under of so large a mass of material. It

may ferment or change too rapidly, the rapid decay developing an

acid, which may be so great as to cause injury to the soil. If, on

the other hand, it is too dry, the crop does not decay for some time;

a mass of vegetable matter lies between the surface and subsoil,

which prevents capillary attraction, and results in a greater drying

of the surface soil than would be the case if no crop had been grovTii.

In either of these cases the possible disadvantages should be recog-

nized. Hence, where a crop of some size is turned under in hot

weather it is desirable to add lime, which will neutralize the acid

and assist in the decomposition of the vegetable matter. If the

crop is too heavy, a part at least should be removed and great care

taken to thoroughly "firm" the soil after it has been turned down.

It is also well to remember that a too frequent turning under of

heavy green manure crops will rapidly increase the soil's content of

nitrogen, and unless large applications of minerals are made, the

soil may become so rich in this element as to cause too great a

leaf growth of the cereal plants. When this stage is reached the

practice should be changed, the crop of cow peas should be used as

before, but preferably used as forage or made into hay, and only the

roots and stubble turned under for the wheat. The chances are

that in most cases this would be the better practice from the stand-

point of soil improvement—it certainly would be a more economical

method of practice where the forage can be used to advantage.

The Application of the Principles in Other Rotations.

The principles that have been pointed out in this discussion rela-

tive to the addition of crops that may be used in this rotation, in

order to improve the soil, hold true for other crop rotations, when
the land is left bare for any considerable period, and also in refer-

ence to the improvement that may come from the introduction into

the soil of considerable vegetable matter containing nitrogen, which
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has not been drawn from soil sources, Still, suggestions as to

changes in practice which may result in increasing the area and

yield of more useful crops may be of service. For example, in

growing corn, it has been demonstrated beyond a doubt that this

crop may be grown on good land many years in succession on the

same land, while at the same time maintaining, if not increasing,

the yield of crop, provided a crop of crimson clover is grown and

plowed dow^n. That is, because of the holding fast of the soluble

constituents liable to be lost in fall and spring, and because of the

accumulation of vegetable matter and of nitrogen, by virtue of the

clover crop, the corn is supplied' with a greater abundance of mineral

elements and of nitrogen each year, and the soil is not exhausted

of its vegetable matter.

Soils naturally rich in minerals, with the improved physical char-

acter, due to the introduction of the catch crops, will provide the

corn plant with a full supply from year to year without direct or

heavy applications of fertilizer supplies. This practice would be

very desirable on dairy farms, where a large yield of corn for the

silo is an important factor. It may be modified still further and

made more profitable by using a part of the clover instead of turn-

ing it under, as in the middle States the clover will be ready to

harvest from the middle of May until the first of June, depending

upon the season, or in time to permit the proper maturity of corn

planted after that date. Hence, when the clover is seeded for the

purpose of using in part on pasture, forage or hay, the land should

be cultivated as nearly level as possible, and the corn stubble broken

dowm or rolled off in winter. The crop may be pastured earlier

than any other clover, and it may be cut for green forage or hay

by the 20th of May, or in time for the planting of another crop.

The removal of the clover, of course, results in reducing the amount
of vegetable nitrogenous matter introduced into the soil, and for

best results the soils should be matured in addition to the applica-

tion of the mineral constituents, though in many cases the harvest-

ing will be imperfect and a very sufficient amount left to consid-

erably increase the supplies for the corn crop.

Where the rotation consists of corn, late potatoes, wheat and
clover, the crimson clover seeded in the corn may be allowed to

partially mature, thus making a very considerable addition of food

to the soil for the potato plant. This is a very excellent rotation,

resulting in very materially improving the soil, particularly when
the potato crop is a profitable one, as it enables the use of two clover

crops, both contributing to soil improvement, besides, the potato

is not an exhaustive crop. In this rotation the cow pea could not

be readily introduced, as the w^heat should be sown almost imme-
diately after the potatoes are removed.
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Modifications of various rotations may be adopted and the useful-

ness of the proper catch crop very easily demonstrated. The main,

points to be observed is to keep the soil covered between crops with

a leguminous crop, if possible, but with some crop, in. order to be

fiure of this; in the case of the corn a mixture of the crimson clover

and other seeds, as turnips or rape, may be made, so that the catch

is there in any case, though if only the fall growth is obtained, the

advantages of a fall covering are many, namely, a very handsome
return is obtained on the investment for seed and the labor in-

volved.

Improvement of Poor or Rundown Soils.

WTiere soils are poor, and the primary object is to build up or

make "condition" rapidly, rather than to secure money crops, the

leguminous crops should be more generally and continuously used.

The land, for example, which has been run down, lacks both chemical

and physical character. The crops grown have been exhaustive, the

land badly cultivated and condition such as to make it unprofitable

to use direct fertilization for the purpose. The questions are what

crops shall I use and how shall I use them to the best advantage

in order that money crops may be grown the second year?

If it is necessary to begin in the spring, the first crop used may
be the Canada field pea. This should be seeded deeply, as early as

it is possible to prepare the land, at the rate of about two bushels per

acre, and the land should preferably receive a dressing of say 500

pounds of a mixture of 400 pounds of acid phosphate and 100 pounds

of muriate of potash per acre. This crop may be plowed down, in

our middle States by the first of July, and may be followed imme-

diately by a crop of cow peas, seeded as already recommended and

without further fertilization, and this crop plowed down by the

middle of September, the land preferably limed at the rate of 25

bushels per acre, obeying in both cases the precaution to thor-

oughly "firm" the soil by rolling. This may be followed by a seeding

of rye and sand vetch, one bushel of rye and one bushel of vetch,

preferably fertilized with a dressing of 200 pounds of acid phos-

phate and 200 pounds of ground tankage per acre, preferably to

secure a good catch and growth of rye. This combined crop may
be turned under in spring for corn, without the further addition of

fertility elements, and a rotation, the adoption of which is suitable

to soil and conditions, provided it permits of the introduction of

leguminous catch crops.

Here we have in one season, or previous to the planting of the

corn, three crops of a leguminous character, which should very ma-

terially change and improve the character of_ the soil, making a
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heavy soil more open and porous and absorptive, and a light soil

more compact and retentive, besides furnishing a very considerable

percentage of nitrogen available for the succeeding crops. Natu-

rally, if the soil is poor it will be necessary to continue with as

many leguminous crops in the rotation as it is possible to introduce.

For a year or two at least, keeping the number of money crops in

the rotation as low as possible.

The object of this work is to point out, so far as it is known to

the writer, the principles involved in the natural improvement of

soils; with these understood the individual farmer will be better

capable of selecting his crops useful for the purpose than any one

else, as he is familiar with his climatic and seasonal conditions, his

own soil and its adaptation for the various crops, both "catch" and
"money." He should remember, too, that the knowledge of these

things is yet very incomplete and that he must not rest satisfied

with the improvement that may be obtained by its use, but to take

advantage of such further additions as may be made from time to

time, as the resut of scientific investigations.

32—6—1902
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THE) FUNDAMENTALS OF SPRAYING.

By Ahxold V. Stubenhal'CU, B. S., M. S. a., Instructor in Horticulture in the University of Illinois

and Assistant in Horticulture at the Illinois Experiment Station.

INTRODUCTOKY.

Although the literature on spraying has become extensive since

the introduction of the practice of treating trees and plants with in-

secticides and fungicides, there still remains much to be told to the

ordinary grower of crops. In general, it may be said that the matter

put forth has not been detailed enough. While the subject has been

fnlly exploited so far as the desirability of spraying and the kinds of

substances and compounds to be used are concerned, the many little

points and details which go so far to make successful results pos-

sible have for the most part been overlooked in the effort to accomp-

lish greater things. It will be the purpose of this bulletin to take up

and consider the fundamentally important details of spraying, and

attempt to exi)lain the principles involved, so as to render it possible

for the growers to think and act for themselves; thus enabling Ihem

to proceed intelligently and effectively in this important line of hor-

ticultural work.

Spraying is perhaps the most expensive of our orchard practices.

For that reason it is very likely the most generally slighted of all

horticultural operations. It is, on the other hand, the most exacting

in its requirements. For without the most intelligent and painstak-

ing care in every detail of the work, the etTorts may lead not only

to ineffective but even to negative results.

Importance of Timely Work.

In the first jjlace the ajjplication must be timely. It will not do

to put off spraying work until some other farm duties have been

doue, and then go out and squirt around in a hit and miss sort of

fashion. The time when an insect or fungus can be successfully

combated is, in m.ost cases, exceedingly short. Often a difference of

a (^ay or two is sufficient to change success into failure. Thus in the

case of codling moth, for example, it is impossible to reach the worm
after it has gotten well into the fruit. As its first efforts are directed

toward® burrowing into the fruit, it is essential to have a poisonous

dose on hand as soon as the worm is hatched. Moreover, *Slinger-

•Cornell UnlverBlty Experiment Station Bull etln 142, p. 31.
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land has shown that most of the insect's feeding before it enters the

apjde is done in the calyx cavity between the calyx lobes, where from

75 to 90 per cent, of the worms go in. It is important, therefore, to

have the calyx cavity well charged with poison. Formerly it was

supposed that this could be accomplished at any time before the

young fruits turned down. Slingerlaud* has pointed out the fact

that the caljx lobes of the young apples close over the cavity in from

seven to ten days after the blossoms fall. (See Plate I.) After such

closing, it is practically impossible to get the poison into the cavity.

The importance, then, of completing the application before the clos-

ing takes place is emphasized. To the owners of large orchards this

is eispecially important, for it means that sufficient apparatus must

bo provided to enable the spraying of the entire place before the ex-

piration of the period mentioned. So it is also with the great ma-

jority of fungous diseases: It is impossible to reach them when
once they have penetrated the skin, as will be explained later.

General Classes of Mixtures.

There are two general classes of spray mixtures, viz:

1 Insecticides.

2. Fungicides.

The first class includes all mixtures used for the destruction of in-

sect pests; the second includes all applied against fungous diseases.

Classes of Insects.

Every fruit-growler or farmer knows what an insect is. But not

every fruit-grower or farmer knows that the insects attacking fruits

and plants are of two general kinds They are; and the two classes

are as follows:

1. Chewing insects, or those which have biting and chewing

mouth-parts. These take in and digest solid food, usually the leaves

or fruit of plants. Such are, for example, the codling moth, canker

worm, web worm, tent caterpillar, leaf skeletonizer and the like.

2. Sucking insects, or those w'hich have sucking mouth-parts.

These suck the juices of the plant and therefore live entirely upon
liquid food. These are the plant lice, scale insects and the like.

Naturally, then, the life habits of these classes of insects demand
very different methods of sprajang in order to destroy them. The
first class can be reached through their food supply, and are, there-

fore, easily destroyed by poison eaten along with the parts of the

plant attacked. The second class cannot be reached through their

food supply, as they derive their sustenance by sucking the juices

from within the plant tissues. They can, therefore, be destroyed

only by contact with some caustic or suffocating compound. There

are, therefore, two classes of insecticidal sprays:

•Cornell University Experiment Station Bulletin 142, pp. B4 and 65.



500 ANNUAL REPORT OF THE Off. Doc.

Poison sprays, such as Paris green, arsenite of copper, arsenite of

lime, arsenate and arsenite of lead, and arsenical poisons generally.

These are effective against the first class of insects only.

Contact sprays^ such as kerosene, crude petroleum, the lime, salt

and sulphur wash, whale oil soap, rosin wash, pyrethrum, and to-

bacco. These kill the insects by their caustic action or by closing

up his breathing pores and thus suffocating him. The second class

of insects can be destroyed only by these. Insects of the first class

may also be destroyed by contact sprays, but only in rare cases

is this class of mixtures so employed.

Fungi.

In order to understand fully the action of remedies against the

other class of enemies which the fruit-grower has to combat, the

fungi, it will be well to consider somewhat in detail the definition of a

fungus—just what it is, how it lives and grows.

What is a JFungusf—A fungus is first of all a plant. It belongs

to a lower order of plants, differing essentially from the more
familiar "higher" plants in possessing no chlorophyl, or green color-

ing matter. It is incapable of assimilating inorganic (mineral) sub-

stances, and is therefore dejjendent upon organic matter either liv-

ing or dead, upon which it grows and derives its sustenance just

as the higher plants derive theirs from the soil. It has uo leaves,

bat it has something akin to roots and stems, the mycelium, and its

means of reproduction and spread, the spores, analogous to the seeds

of higher plants. The spores are perhaps the most important part

of the fungus from the point of view of the fruit-grower, for it is by

the means of these that the disease or destruction by the fungus is

spread from leaf to leaf, from fruit to fruit, or from tree to tree.

Any agency, then, which may disseminate the spores may be the

means of spreading the disease caused by the fungus. Wind, rain,

insects, birds, animals and even man himself are known to act in

this capacity.

Hoio a Fungus Grows.—Now, what takes the place when one of the

spores falls or is placed upon a leaf or a fruit? If the conditions of

temperature and moisture are favorable it will germinate—just

as a seed does when planted in moist, warm earth—and send

out a small tube, known as the "germinating tube" of the fun-

gus. These spores with their germinating tubes are exceedingly

small and can be seen only with a compound microscope. Plates

II {a) and II {h) are reproduced photo-micrographs of bitter rot

spores before and during germination, all greatly enlarged. From
this point fungi differ in their development, in the manner
in which they grow and extract their nourishment from the

parts of the host plant attacked. In one class the germinating tube



(a) A pear and two apples just right for spraying, the calyx lobes spreading
and open, just after the petals have fallen.

(b) One week after the petals have fallen. Almost too late to spray tha apples,
the calyx lobes having almosl completely closed over the CAvlty. The middle
fruit is that of a pear, which closes little. If any at all.

PLATE I.

Apples just after the petals have fallen and one week later.

(From photographs by Sllng-erland, Cornell Experiment Station, Bull. 142, pp.
B4 find BR.)







(a) Before germination.

(b) During germination.

PLATE II.

Bitter Rot Spores, as seen under the Microscope.



Fig. 1. Greatly enlarged cross section of rose leaf (a) affected with an external
fungus, the powderly mildew. Both the mycelium and spores (b) are entirely
external. The fungus sends suckers (c) into the epidermal cells to get nourishment.

(Drawing by H. Hasselbring of the Illinois Experiment Station.)

Fig. 2. Greatly enlarged cross section of carnation leaf affected with an internal
fungus, the carnation rust. The mycelium (a) grows wholly within the leaf
between the cells (b). Only the spores appear at the surface.

(Drawing by H. Hasselbring of the Illinois Experiment Station,)





O

01

•rj 01

o «
3 %
M ^

3 o

fD

o
t3
ru

a
o

a>
^^K

p
3

3

1
o
t3
tD

01

"S

p

5'

xn
"2

p
'<:

(\>

Cu

r+-

O
O

c*
rj

0'?

3
o

(T)

c

£«1RM»!CSZ£KiA.:%S;»i0.r^>.''^

?C^.*4:v.V: s^v: \- ..-:..^*^







(a) Sprayed to the proper point.

(b) Sprayed too long, or drenched.

PLATE IV.

Apples properly and improperly sprayed.

(From Bulletin 68 of the 111. Exp't. Station.)



PI;ATE V.

Apple leaves showing the results of the accumulation of the spraying material at
the edges by running down and evajwrating. The dark edges and spots represent dead
patches ou the leaves.

(From Bulletin 68 of the Illinois Exp. Station.)
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begins to braucti out and continues growing upon the nurface of the

leaf or fruit, leaving its mycelium exposed. These are known as ex-

ternal fungi, and are by far the easiest class of fungous diseases to

combat. (See Fig. 1.) For it is obvious that the fungicide can be

applied directly to the mycelium. In this way the fungus can be de-

stroyed and its further development prevented. To this class of

fungi belong the powdery mildews of the grape, the gooseberry and

the rose.

In the other class of fungi, the internal fungi, the germinating tube

penetrates the skin and there branches. Thus the mycelium is de-

veloped within the tissues of the parts of the plant attacked. (See

Fig. 2.) It is obvious, then, ttat the mycelium is wholly out of reach

of any spraying compound, and, therefore, once the fungus has

gained entrance it is practically impossible to arrest its development.

The remedy can be only preventive in its action. The fungus must

be killed before the germinating tube enters, otherwise all effort is

lost. This is so fundamentally important that it will bear the strong-

est emphasis. In addition to this it must be pointed out that the most
comujouly used fungicide, Bordeaux mixture, does not destroy the

spores themselves. It is the little germinating tube only which is

destroyed by the fungicide, and, therefore, before the remedy can be

effective, the spore must germinate. Hence, the necessity of having

the remedy applied in time becomes doubly important, for the germi-

nating tube must be destroyed before it penetrates. The de-

development of the disease will continue, despite the pres-

ence of the remedy applied too late, and complete its life

history by producing new crops of spores ready to spread the dis-

ease anew^ The downy mildew of the grape, the scab, the fruit rots,

the cankers—in fact, most of the fungous diseases which afflict trees

and plants in this region of the United States come under the head
of internal fungi, and must be dealt with accordingly. Remedies
should be applied before the fungi of this class have gained a firm

foothold. Spraying should be begun upon the first appearance. It

is not necessary to vrait for it to make a "showing." Otherwise, the

spores may become so extremely abundant that, relatively, a large

proportj *n of them may escape the fungicide and thus complete their

mis^ior of destruction.

Classes of Fungi Summarized.

To summarize briefly, therefore, regarding fungi, it is seen that

there are:

External fungi.—powdery mildews of grape, rose and gooseberry

—which develop on the surface or outside and which are thusi

comparatively easily killed at almost any stage of their

growth by fungicidal mixtures coming in contact with their

exposed mycelium. (Fig. 1.)
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2. Internal fungi—downy mildew of grape, scab, fruit rots, canker,

etc.—whicli continue tlieir develoijment wholly within the

tissues of the parts attacked and which are thus prevented
from developing only by destroying the germinating tube of

the fungus before it penetrates the skin. (Fig. 2.)

Physical Pkoperties of Mixtures.

Ill order to know just how to use and apply the different spraying

liquids now in common use, it is necessary to understand and appre-

ciate their physical properties, their behavior in the tanks, in the

pump, at the nozzles and on the plants. To do this most conveniently,

spray mixtures may be divided, irrespective of their insecticidal or

fungicidal properties, into three general classes:

1. Mixtures involving the suspension of insoluble substances Id

water; for example, Paris green and other arsenites, Bor-

deaux mixture.

2. Mixtures consisting of simple solutions; for example, copper

sulphate solution, ammouiacal copper carbonate, sulphide of

potash, different soap solutions, solutions of lye or caustic

soda.

3. Emulsions or mechanical mixtures of oily or waxy substances

with water; for example, kerosene and crude oil emulsions,

or the kerosene and crude oil mixtures v/ith water through

the medium of the pump and nozzle, without the aid of emul-

sifying agents.

Mixtures Consisting of Insoluble Materials in Suspension.

In the mixtures of this first class, insoluble substances are to be

suspended in water and applied while in suspension. It is import-

ant to bear this in mind, as upon this fact depends not only the

method of application but also the method of maintaining the com-

pound on the fruit or leaves, as the case may be. It is necessary' that

tlie mixing be thorough in order that the material may be equally

disseminated throughout the liquid. For unless it is, the distribu-

tion of the poison or fungicide will not be uniform, and hence effec-

tive results cannot be obtained. The insoluble material is kept in

suspension by means of agitating the liquid either by a separate

agitator or by a devise attached to the pump handle.

Agitators Considered.

Ihe proper and thorough agitation of sprays of this class is one

of the most important points in the successful use of the materials
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SO used. The agitators now in common use are far from perfect

and unless carefully watched are often the cause of failures. It has

now come to be almost the universal custom to attach the agitating

device to the pump handle, so that the liquid is stirred with every

stroke of the operator. This at first sight seems a good plan. In

some respects it i», for it at least secures some sort of agitation,

which is better than none at all. But the labor of pumping, so as to

keep the pressure up to the required mark, is really heavy enough

without adding to it the extra work of keej^ing a properly con-

structed agitator at work. Then, too, the two motions can hardly

be coupled to advantage. For the pumping, a long, steady stroke

is best, while for thorough agitation a quick, abrupt stroke is prefer-

able. It is very much better, therefore, to have the agitating device

separate from the pump. In this way a few vigorous strokes or

tUT.s of the liaudle accomplish a great deal better work than the

slow dipping of a paddle. Agitators having a whirling paddle with

tilting blades arranged somewhat like a screw propeller are, on the

whole, the most satisfactory. (Fig. 3.) With this instrument the

liquid is given a whirling up-

ward motion, w^hich very ef-

fectively dislodges the ma-

terial from the bottom and

sides of the tank. On the

long, flat tanks now in gen-

eral use it is practically im-

possible to secure thorough

agitation throughout the

liquid by any device which

may be attached to the pump
handle. For these tanks the

agitator should consist of a

set of two or three paddles so

arranged that they will keep

the whole body of liquid in

violent motion. These pad-

dles should be attached to a

lever or handle on top of the
'FIG. 3. tank. Where Paris green is

used alone, the agitation must be continuous while the pumping

is going on, and in order to insure its thoroughness it would pay to

put on an extra man or boy to run the agitator. With properly

prepared Bordeaux mixture (as will be explained later) continu-

ous agitation is unnecessary. Merely stirring the liquid from time to
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time is amply suflScient to keep the precipitate in suspension. This

can best be accomplished while the rig is moving from tree to tree,

thus allowing one man to do the whole work. Some growers in New
Yoik have rigged up attachments on the wheels of their spray wagons
which turn the agitating device and thus do away with this extra

hand labor. Where Paris green is used combined with Bordeaux
mixture, the latter helps to keep it in suspension and no further agi-

tation is needed than for the Bordeaux alone.

Proper Placing of Pumps on Barrels.

Most of the pumps are now placed on the end or head of the barrel.

For use in applying mixtures consisting of suspended materialis

—

especially Paris green—it is very much better to place the pump on

the side of the barrel. When the barrel is laid down on its side, as

it must be in that case, a bottom with a depression at the center is

formed by the sloping sides. Most of the settling will go towards

this dei)ression and thus there will be really a smaller settling area

thf.n that aliorded by the flat bottom. Moreover, the flat bottom

and straight sides, when the barrel is used upright, otfer some re-

sistance to the movement of the liquid, while the sloping bottom,

in the case of the barrel on its side, otters little resistance and thus

aids rather than retards in the movement of the liquid. In order to

see how difficult it is to dislodge a comparatively heavy substance,

such as Paris green is, from around the sides of a barrel bottom,

place a small quantity of the poison in a flat-bottomed tumbler and

attempt to keep the material in suspension by stirring. It will be

found that it requires rather vigorous stirring in order to dislodge

the green from the bottom and keep it from settling around the sides.

[f this little experiment is performed, it will be well to note how very

much more eflective is a whirliug motion over a simple dipping, il-

lustrating the advantages of the whirling-paddle agitating device.

How to Spray Properly.

To spray properly is an art requiring both skill and intelligent

care to accomplish it successfully. Moreover, it is of the greatest

inifortance; for no matter how carefully the mixtures may be com-

pouEded or how nearly up to purity standards are the ingredients

used, full success is practically impossible unless the mixtures are

properly applied. It is not enough to go out with a vim and de-

termination ^'to do an everlasting good job" and give everything a

drenching. This is not only wasteful but positively less effective

than when a smaller quantity is properly applied; for when drench-

ing is practiced there will finally be less material on the trees, leaves
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and fruit than when a smaller quantity is properly put on. To many
I Ills may seem strange. But nevertheless it is a fact, and an at-

tempt will be made to show just how it comes about.

In order to do this it will be necessary to study in detail what takes

place in the drops of water after they leave the nozzle and become at-

tached to the fruit or leaves. It will be remembered that the ma-

terial is to be kept in suspension and equally disseminated through-

out the whole mass of liquid in the tank. Consequently, each minute

globule of water as it leaves the nozzle will carry with it a certain

amount of suspended Paris green, Bordeaux mixture, or both, as the

case may be. Now, the settling which goes on in the spray tank

takes place also in the globule of water after it becomes attached

to the leaf or fruit. Therefore, it i® desirable to have each globule of

water deposit its suspended material at the place where it is attached

to the fruit. But liquids have what is known as "surface tension;"

that is a force exerted from within which tends to keep a small

globule of water intact. Beyond a certain size this force is unable

to keep the globule intact as such. Then it will not remain where it

strikes the surface of the fruit or leaf, but vdll run down to the low-

est point and there drip off. This happen® when the globules are too

large or if the smaller ones are brought so close together that they

run together to form one or several large ones and the same running

dow-n and dripping-off results. This running-together may be easily

seen by breathing against a cold window pane. First, it will be

noticed that the globules of condensed moisture are exceedingly

small, each one, however, remaining separate and distinct. Now
continue breathing against the moist spot. The globules of mois-

ture increase in size until a point is reached where they run together

and form one large globule spread over the surface of the glass.

But now, instead of remaining spread over the glass, when it is in a

vertical position, the large globule runs to the lower edge of the pane,

and if there is moisture enough, will drip off.

This is exactly what takes place on the surfaces of leaves and fruit

when the spray liquid is applied. The globules are at first deposited

as separate, fine "dew drops," covering the entire surface. This is

the ideal point to be reached, and as soon as it has been accomplished

no more liquid should be applied. If more is put on, the small drops

run together and trickle down to the lowest point. It has been said

that the settling of the material takes place in the globule of water

after it becomes attached to the fruit. The larger the globule, then,

tile more settling will take place. It has also been seen that the

settling goes to the lowest point. Consequently, if the globule is

spread over a large portion or the entire surface, the settling will

naturally go to the lowest place in this instance also, and as the low-
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e&t point is where the water drips off, the sediments go to that point

and drip along with the liquid, thus leaving actually less material

on the fruit or leaf than when a smaller quantity is properly applied.

Or, if it does not drop off it will accumulate at this lowest place, often

in quantity sufficient to cause injury, while the upper portions are

left bare and thus exposed to attack.

Plate III illustrates the running together and settling to the low-

est point. This effect was produced by spraying two glass plates,

(a) just to the proper point and (5) beyond that point until the

globules ran together. In (a) it will be noticed that the surface of

the glass is uniformly covered by the dried material. But note what
toolc place when the spraying was carried beyond the proper point.

The globules ran together and the liquid flowed down in little streams

and carried with it the suspended material, leaving bare streaks, and

either accumulating it at the lowest point or carrying it away where

it dripped off' the plate.

It must be emphasized that the material must be so applied that

it forms an unhrolcen thin coating over the entire surface of the leaf

or fruit. This is especially true of the Bordeaux mixture. That

remedy, as has been shown, is wholly preventive in its action. Any
breaks in the coating are exposed to attack, and if attacked, become

centers of infection, the birthplace of new crops of spores, thus in-

creasing the chances for new infection. The more numerous the

spores, then, the more carefully must the application be made, for

when the spores are very abundant the chances for some of them to

settle on the exposed places are correspondingly greater. Plate IV
{a) shows an apple properly sprayed. The photograph shows the dis-

tinct marks of the separate globules of mixture. In addition, there

were.' many exceedingly fine globules too small to be seen in the

picture. Plate IV (5) is an example of an apple which has been

sprayed long enough to allow the globules to run together and drip

off' or accumulate in spots. Notice how unevenly coated is the sur

face. In an orchard where the fruit rot or the scab is very abundant

an apple or a leaf sprayed as that one shown in the plate is little bet

ter off than if it had not been sprayed at all.

The injury due to the excessive aooumulation from the material

running down and evaporating at the low^est points has been men-

tioned. Plate V exhibits examples of leaves so injured. These

leaves were taken from a tree sprayed with nearly ten times the

usual strength of ammoniaeal copper carbonate solution until the

licjuid began to drip. The leaves were badly burned around the edges

and at the tips, while the leaves of another tree properly sprayed, or

without dripping, were not injured at all by the same solution. Thus,

it will be seen, that two evils may result from improper spraying:
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Large spots may be left bare and exposed to attack, and injury may
be caused by excessive accumulation in a few spots.

Only a pump capable of maintaining a high pressure should be

used, and for this class of work the finer nozzles are called for. The
liquid should be kept issuing as a fine mist—so fine that it floats in

the air as steam or smoke. This is impossible under a low pressure,

for the higher the pressure the finer will be the mist, other things be-

ing equal. The pressure should always, therefore, be kept at its

maximum, if possible between fifty and sixty pounds, never below

forty. With the liquid issuing as a fine mist, the nozzle should be

held some little distance away from the tree and the mist allowed to

lloat in and condense itself upon the fruit and leaves in fine globules,

thus completely bedewing the surfaces.

Hence the importance of the injunctions: " Use only a fine nozzle;

use pressure enough to keep the liquid issuing as a fine inist^ and spray

only until the fruit and lea/ves are completely hedewed.''''

Mixtures Consisting of Simple Solutions.

Mixtures of the second class, or diluted solutions, are somewhat
easier to handle, in that the problem of agitation is absent. But
they have to be considered from two standpoints and must be handled

differently, depending upon whether they are used as insecticides or

as fungicides, or whether for internal or external fungi. If used

as a preventive against one of the internal fungi, then all the precau-

tious regarding the maintenance of a fine mist upon the fruit must
be observed. Otherwise, the two evils mentioned above—the leav-

ing of exposed spots and the injury from excessive accumulation in

spots—will result. Plate V has already been cited as an example
of damage from the latter cause. If, on the other hand, the solution

is used against the sucking insects or external fungi, and therefore

intended to destroy by contact, a different mode of application is

called for. In these cases a coarser nozzle, throwing a more or less

direct stream is desirable. The effectiveness of the spray is often

increased by having it strike with some force. Here the rules men-
tioned above, regarding the maintenance of a fine mist, do not apply.

Every part of the tree should be thoroughly wetted so as to have the

spray come in contact with every insect and fungus spot. In this

case the spray has usually done its work as soon as it strikes. It is

not important, then, to have it remain on the trees; in fact, the re-

verse is often desirable. Of course, when strong solutions are used,

there is danger of injury from the accumulation by evaporation at

the lower edges of the leaves, or if the solution is allowed to run
down the trunks and thus saturate the ground around the root
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crowns. It is well, therefore to avoid waste when spraying in this

way, and to carry the opeiation just far enough to wet every part of

the trees or plants.

Emulsions.

The mixtures of this class are practically all used against sucking

insects; scales, plant lice, and the like. A large proportion of these

mixtures is also intended for winter use, when the trees are dormant,

and are, therefore, not subject to the same rules as those used when
the foliage is present. A more direct stream is desirable, for here, as

with the simple solutions used for a similar purpose, the effective-

ness of the spray is increased by having it strike with some force. A
good many of the insects of the sucking class are protected by a

Vv'oolly, hairy or waxy covering, which it is hardly possible to pene-

trate without projecting the spray against them. The writer has

sjjrayed the plum aphis with kerosene and water through an or-

dinary fine Vermorel nozzle without effect; while the same mixture

]<nt on through a somewhat coarser nozzle as a direct stream proved

wholly effective.

When kerosene and water or the crude oil and water are used the

no/zle must not be too coarse. The mixing of the oil and water is

accomplished at the nozzle. If the nozzle is too coarse, therefore,

the mixing will not be thorough. The aim in the use of this class

of mixtures is to secure a thin coating of oil over the tree—the

thinner the better. For this reason the spray miist reach and wet

every part. It is not necessary to maintain the separate globules

intact. Therefore, it is not so difficult to apply this class of sprays

properly. Excessive dripping must be avoided, and the mixture

of oil and water must not be allowed to run down the tree trunks,

or to accumulate in the crotches of branches. In the one case the

root crown may be injured; in the other the bark in the crotch may be

killed and thus allow the entrance of disease spores to the heart

wood. Spraying f*hould proceed from the top downward, holding

the nozzle in one place only long enough to wet that part, not until

the liquid begins to run down.
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Recapitulation of Spraying Directions.

To recapitulate the spraying directions for the principal mixtures

iu use, the following table is presented:

Paris Green and other Arsen-

ites.

Bordeaux Mixture and combi-

nations of Bordeaux Mixture

and Paris Green or other Ar-

senites.

Ammoniacal Copper Carbonate.

Copper Sulphate Solution.

Sulphide of Potash.

Soap Solutions.

Tobacco Water.

Caustic Lye Solutions.

Emulsions.

Kerosene and Water.

Crude Petroleum and Water.

Spray with a fine nozzle under

heavy pressure; spray only to

the point of covering the fruit

or leaves with a continuous

coating of fine "dew drops."

When used for internal fungi,

apply as directed for Paris green

and Bordeaux mixture. When
used against external fungi, use

as directed for soap solutions

and the like.

Spray in a direct stream so as

to strike with some force, using

a coarser nozzle than for Paris

green or the like. Avoid exces-

sive drip and do not allow the

solutions to run down the

trunks.

Spray emulsions as directed

for soap solutions, etc. For kero-

sene and water and crude petro-

leum and water, use a nozzle fine

enough to accomplish a thor-

ough mixing, but yet capable of

projecting the liquid more as a

direct stream than as a mist.

Completely wet every part, but

do not allow^ the mixtures to run

down the trunk®, or to accumu-

late in forks of branches or in

deep wounds.
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PuKiTY OF Materials and Peoper Preparation of Mixtures.

So far, but one side of the ease has been presented. There \b still

another important phase of the subject to discuss before all the fun-

damental factors leading to successful spraying results are explain-

ed. Part of these factors are beyond the control of the fruit-grower,

part are within his control. The purity of the materials used and

theii proper preparation and combination are alluded to. These

are of as fundamental importance as any of the points already men-

tioned. For it is obvious that unless the materials used are pure and
up to standard strength, their use cannot lead to successful results,

no matter how skilfully and carefully they may be applied. It will

be impossible to treat of the scores of materials that have been and

are used in spraying operations. Space permits only of the discus-

sion of those substances which now constitute by far the bulk of

spraying materials in general use. These will be taken up in detail

and their necessary qualifications explained.*

Paris Green.

This substance, known chemically as the aceto-arsenite of copper,

was first used as a remedy for chewing insects about the year 1872,t

\^ hen it was recommended for use against the canker worm. A few

years later, 1878 or '79, its efficacy against the codling moth was first

discovered in Western New York,* Since that time its use as a

poison against chewing insects has increased at an enormous rate,

until at present many tons are being used for this purpose.

Paris green wa® first used as a pigment in painting—hence its

name. As such its prime quality was its bright green color together

with some insolubility in water to prevent it from being washed from

painted surfaces by rains. Its chemical composition and proportion

of certain chemical ingredients were therefore of secondary import-

ance. These considerations, then, did not enter in its manufacture.

With its use as a poison spray, however, its chemical composition,

together with its insolubility in water, become prime requisites. A
demand for a green manufactured solely for its use as an insecticide

has been created, which is being met, partly at least, by manu-

facturers of the poison. During late years, however, there have

been many complaints from users of Paris green both as to its ineffi-

cacy and its injurious action upon the foliage of trees. Upon inves-

tigation it was found that the greens prepared by different manu-

facturers were exceedingly variable in their composition, the results,

•For further Information regarding the purity of commercial Insecticides and fungicides, see

Farmers' Bulletin 146, issued by the U. S. Department of Agrirfilture.

tSlingerland, Cornell Univ. Agr. Exp't Station, Bui. 142, p. 50.
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no doubt, of so-called improvements in the method of maniifticture,

leading to an increased product at less expense. Pari» green when

pure varies both in composition and the proportions of its chemical

ingredients. Add to this the variability brought about in its manu-

facture, and it will readily be seen how exceedingly variable and

unsatisfactory a product will result.

Investigation has shown that most of the injury caused by Paris

green is due to an excessive proportion of free arsenious oxid

(white arsenic), either remaining as the result of careless manu-

facture or wilfully put in to bring up a product low in arsenic to a

standard strength. Free arsenious oxid is soluble in water after a

time, and when it is present in Paris green to any great extent, de-

stroys one of the latter's most valuable qualities as an insecticide,

its great insolubility in water. It is this latter quality which makes

the use of Paris green possible without injury to the foliage. Free

arsenious oxid is at times .extremely injurious to the foliage, especi-

ally when in solution. This seems especially true in dry localities, or

during dry weather having hot days followed by heavy dewis or fogs

at night. The arsenic seems to be more soluble under these condi-

tions, and is dissolved bv the dew and absorbed bv the leaves in suf-

ficient quantitiy to cause injury. More investigations of the subject

are necessary, however, for at times it has been possible to use pure

solutions of white arsenic without injury. But until it is known
more definitely under what conditions the solutions may be used, it

is safer to stick to the insoluble material.

The other complaint entered against Paris green, its ineffective-

ness, was found to be the result of a reduced proportion of arsenic,

the active poisonous principle of the material. It requires a certain

amount of poison to kill an insect. Naturally, then, if a weaker

green is applied, an amount of arsenic sufficient to cause the insect's

death may not be present. This was really the first defect found in

the manufactured poison, and led to legislation in some States

—

notably New York—stipulating that Paris green offered for sale

shall consist of not less than fifty per cent, of arsenious oxid. This

may have been responsible, to some extent at least, for the other

count against the poison, its excessive proportion of free arsenious

oxid, by leading manufacturers "to fill" a green low in combined ar-

senic, with free white arsenic. Such legislation, therefore, reached

only half way. The law has lately been amended so as to state defi-

nitely, not only the total percentage of arsenic a sample should con-

tain, but also the limit of arsenious oxid uncombined with copper.

In California the limit of free arsenious oxid has been found to be

four per cent., and that limit has been adopted in the law of that

State.*

*(BaUetin 126, CaUfornia]ExperimeQt'Station.)
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It is extremely important, therefore, that the fruit-grower know
definitely the quality of the poison a dealer proposes to sell him.

Moreover, he will do well to avoid the cheaper grades of this ma-

terial. It is safe to say that the majority of them are unreliable.

This has been the excuse that some manufacturers have given for the

km quality of their materials. "It will not pay us," they say, "to

produce a good article to go into the market alongside of the cheaper

grades of poison, which the growers persist in buying simply be-

cause they are cheap." This is unfortunately true to a large ex-

tent. But once the growers appreciate the folly of this iienny-wise,

pound-foolish policy there can be no doubt that the lov.'-grades will

"go begging" for purchasers at any price. The manufacturers have

thus shown that it is possible to make a green which will meet the re-

quirements of spraying purposes if the growers are willing to pay for

it. On the other hand, unfortunately, the manufacturers are not

always above suspicion. They seem willing to put out a medium-

grade article and charge first-grade prices for it under the plea that

it is "specially prepared." Then, too, some manufacturers, at least

are preparing two grades of poison: one for sale in States where rigid

lav\^s are in force, the other for the less exacting Commonwealths.

The only safe policy, therefore, lies in the enactment of laws defining

the qualities of the green to be sold and providing for the inspection

and analysis of all that is offered for sale. It is with the desire to

acquaint farmers and fruit-growers with the true state of affairs,

and with the hope of awakening them to a realization of their full

needs, that these details are entered into here.

Unfortunately, there are no simple tests which will indicate

whether a Paris green is up to full strength or free from the objec-

tionable white arsenic in the uncombined state. It requires special

chemical knowledge and apparatus to determine these points satis-

factorily. There are, however, a few tests which the farmer can

mak( for himself, showing whether a sample has been greatly adul-

tortited or not. These are given below^, in addition to another which

can be made by any one possessing a fairly good microscope. It is

r"commended that a farmer perform these simple tests upon a sample

of the green which he proposes to buy, and if they fulfill these to

submit the sample to higher authority for examination. If the

san.ple fail in these preliminary tests, it is unworthy of further con-

sideration and it should then be discarded, thus saving delay in ascer-

taining these same facts from some other authority.

Tests for Paris Green.

3. Paris green should be a wholly dry and impalpable powder. If

the sample feels gritty when rubbed between the fingers, or if the

mass clings together in cakes or lumps, it is impure and unworthy «f

further trial.
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2. Color Tests.—Tlie color alone can be depended upon to deter-

mine whether a green has been wilfully adulterated or not. Pure

Paris green has a decidedly bright, light emerald-green color. Any
sjtmple which presents a dull, pale or faded color is impure. By plac-

ing a small quantity in, say, a homeopathic vial, and tapping the

latter gently on the bottom or sides, adulterants can often be made

to separate, and can then be seen as w^hite or light streaks or patches

against the side of the vial. A pure sample will remain bright green

against the glass. Woodworth, of the California Experiment Sta-

tion.* has devised the followiug simple but effective test in connec-

tion with the color test: Place a small quantity of green, what one

can easily pick up on the point of a pen knife, upon a piece of window
glass which has been polished clean and dry; tilt the glass at a slight

angle and gently tap the edge, just enough to cause the green to flow

in a streak across the glass. If the green is of good quality, the

streak will be a bright, light emerald-green; if the sample has been

adulterated, the streak will have a faded, dull or whitish appearance.

Any samples, therefore, which exhibit the latter have been adul-

terated or are of too low a grade to be used.

In connection with this test the writer has found that if great care

is taken in cleaning and polishing the glass and the green is allowed

to flow only gently across the surface, then by blowing strongly and

(iuickly across the surface of the glass, from the side, in the direction

of the streak, the particles of Paris green can be blown oft' the plate.

Leaving only the adulterants adhering to the glass. If they are pres-

ent in large quantity they may then be seen as a dull streak by look-

ing through the glass Towards a bright window or a strong light.

When the green is exceptionally pure the streak will be nearly im-

f'erceptible to the naked eye. AVith the aid of a compound micro-

scope the character of the adulterants may be determined. In per-

forming this test, great care must be exercised in blowing across the

glass. The blowing must be a quick, strong puff, otherwise mois-

ture will be condensed and the particles of green will thus be retained

on the glass along with the other material.

3. Ammonia Test.—Pure Paris green is wholly soluble in am-

monia. Place a small quantity, say a quarter or a third of a tea-

spoonful in a tumbler or other glass vessel, and then pour on an

ounce or two of common ammonia water. If after stirring for four

or five minutes the solution has assumed a deep blue color, and re-

niains perfectly clear, and after standing no residue settles to the

bottom, the green fs reasonably pure at least. But if after stirring

and allowing to stand an insoluble residue remains, the sample has

been adulterated and should be discarded. This test will show the

adulteration of the most fraudulent kind, the addition of a foreign

•Bulletin 126, California Experiment Station, p. 12.

33—6—1902
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Biibstance merely to make up bulk and weight; and any samples ex-

hibiting such residue may be put down as fraudulently and wilfully

adulterated. Unfortunately, this test does not show the presence of

uncombined arsenious oxid, which is also soluble in ammonia, and

which, although it has not been considered strictly an adulterant on

the ground of its poisoning qualities, nevertheless its presence in

large quantity is dangerous to the foliage and ought to be known.

^. Microscope Test,—T\\\'& test, unfortunately, within reach of only

those in possession of a fairly good compound microscope, is one of

the surest and quickest means of determining the grade of a sample

of Paris green. The value of this test as a quick means of determin

ing the fitness of samples for further examination, and as an adjunct

lo chemical analysis, was early insisted upon by the California Sta-

tion, and wherever this test can be performed it will prove of great

value and assistance, if only as a preliminary survey to a chemical

analysis.

Pure Paris green under a one-quarter or one-sixth inch objective is

seen to consist of clean, green spheres, wholly separate and distinct

from one another; and in a pure sample these are all that can be

seen. Plate VI is a reproduced photo-micrograph of a high-grade

sample. A low-grade sample will have something of the appearance

shown in Plate VII. The clean, green spheres are in this case mixed

with particles of a crystalline structure, varying in shape and size.

The appearance of such a sample indicates the addition of free ar-

seniousoxid put in to fill or make up a green low in combined arsenic.

The pure green can in this case be as distinctly seen among the par-

ticles of white arsenic under the microscope ae ''wheat can be dis-

tinguished from dirt that might be mixed with it."* Wheo the white

arsenic has been put in during the process of manufacture (as is some-

times done) or results from careless manipulation during manufac-

ture, it is much more difficult to detect it. In that case the white

arsenic crystals are often seen sticking to the green balls themselves,

giving them, on the whole, a rather irregular outline and causing

them to cling together into masses instead of remaining separate and

distinct from one another.* For this reason, therefore, a chemical

analysis must be resorted to in order to determine these points with

certainty.

But there can be no mistake about the appearance of a wilfully

adulterated sample. Plate VIII shows the appearance of such a

sample under the microscope. In this case a great number of long,

needle-shaped crystals are seen. They are the characteristic crystals

of gypsum (calcium sulphate) and there can be no legitimate excuse

whatever for their presence. These, together with the preponder-

ance of the other irregular crystals and the almost total absence of

'Bulletin 12<. California Expeiiment Station, p. 14.



PLATE VI.

High-grade Paris green as seen under the microscope.

PLATE VII.

Low-grade Paris green as seen under the microscope.







PLATE VIII.

Bogus Paris green as seen under the microscope.
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the clean, green balls, brand this compound as fraudulent, and it can-

not be named anything but "bogus/' although the package in which it

was bought was labeled "Strictly Pure Paris Green."

Kequirements of a Good Paris Green.

The points which go to make a good Paris green have been sum-

med up as follows:*

"1. It should be a wholly dry and impalpable powder. Grittiness

and caking are evidences of adulteration.

"2. It should have a bright, light emerald-green color, which should

not whiten or become dull in the streak left in passing a sample

across a clean glass plate.

"3. It should be entirely soluble in. ammonia. Any residue is an.

adulterant.

"4. Under the microscope it should be seen to contain only a trace

of foreign matter, and should consist of clean, green spheres, wholly

separate from one another. Aggregation into masses is evidence of

careless manufacture.

'•These are all the points which can be readily determined. In ad-

dition to the above, should be added the most important point, but

one w-hich can be determined only by a chemical analysis, viz:

"5. Paris green should contain not less than fifty per cent, of ar-

senious oxid, of which not more than four per cent, should be in the

free state, or uncombined with copper."

Efect of the Addition of Lime.—Lime is now being added to the

mixture of Paris green and water to lessen the injurious action of the

uncombined arsenious oxid. This it does by combining with the

soluble arsenic to form the insoluble arsenite of lime, which is fully

as harmless as Paris green itself. This is true only up to a certain

point, however. When the uncombined arsenic is present in large

quantities the lime will do no good, and may even be harmful. It

has been shownf that lime acts upon white arsenic in such a way
when it is in suspension in water that the injurious action upon the

foliage is greatly increased.

Objections to the Use of Paris Green.

The most serious objection to the use of Paris green as an insecti-

cide, outside of the counts against it enumerated above, due to the

shortcomings of the manufacturers, is the rapidity with which it

settles in the spray tank. Paris green is a very heavy-grained sub

stance, and therefore one requiriug continuous effort to keep it in

suspension. When the poison is used alone the water throughout

the tank must be kept in motion. Merely creating a current around

•Bulletin 68, Illinois Experiment Station, p. 175.

tBulletln 10. Iowa Experiment Station, p. 411; also cited by Woodworth Bulletin 126. Cali-
fornia Experiment Station, p. 12.
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the pump Will not suffice. The problem of sufficient agitation is thus

rendered doubly important, for without more satisfactory agitating

devices than those now in general use, it m extremely difficult to se-

cure a uniform distribution of the poison. And without a uniform

distribution of the poison perfectly satisfactory results are impos-

sible: the first portion sprayed out of the tank will be too weak to

do effective work, while the last portion will be strong enough to

injure the leaves, or in case the agitator is very poor the bulk of the

poison will remain on the bottom and sides of the spray tank.

When Paris green is used in combination with Bordeaux mixture

to form a combined insecticide and fungicide, the rapid-settling objec-

tion to this otherwise valuable poison is very largely overcome. The

grains of the green become mixed with the floccular precipitate of the

Bordeaux mixture, and settle slowly with it. A few of the heavier

or larger grains go straight to the bottom, as they all do when the

poison is used alone, but the great majority remain in suspension

with the Bordeaux mixture.

Substitutes for Paris Green.

The many failures resulting from the use of impure Paris green,

and the prevalence of the low-grade qualities of the poison put upon

the market, have led to the introduction of other insecticidal poisons

for use as substitutes. These are practically all arsenites, and there-

fore, like Paris green, have arsenic as their active poisonous prin-

ciple. These poisons seem peculiarly virulent to insect life, and this

fact, together with their usual insolubility in water, make them the

most valuable class of compounds for this purpose. Some of these,

notably the arsenite of lime (arsenic, sal-soda and lime mixture), the

arsenate and arsenite of lead, are steadily growing in favor, especi-

ally when home-made. These have been successfully used by a num-

ber of growers and unless manufacturers of Paris green are more
careful to supply a reliable and satisfactory article, it is safe to say

these substitutes will largely supplant Paris green in the future.

The home-made mixtures possess the additional advantage of being

much lighter grained than Paris green, and therefore they can be

kept in suspension very much more easily. This is especially true of

the arsenate of lead, which, when freshly prepared, forms a milky

precipitate which will remain in suspension for a long time without

agitation. In addition, the lead compounds may be used very much
stronger without danger to the foliage, a fact which makes them par-

ticularly valuable for use on the foliage of the stone-fruits—notably

peaches and plums—which are notoriously sensitive to sprays of all

kinds.



No. 6. DEPARTMENT OF AGRICULTURfi;. 517

The chief argument urged against the use of home-made poisons is

the trouble and labor of preparing them, the advantage of Paris

green being that it i» ready to use just as it comes from the store.

But the addition of lime when using the latter alone has come to be

generally recommended. This really destroys the ready-to-use argu-

ment in favor of Paris green. It is only a step further to prepare the

home-made poison. Why not take this step? Thus preparing a

mixture of known composition and avoiding all the uncertainties of

the commercially prepared article.

Several commercial substitutes for Paris green have been intro-

duced, most of them as arsenoids, or arsenates of different deriva-

tives. In general, it may be said of these that they are all open to

the same objectionable uncertainties that Paris green is, and Lhey

may thus be put in the same catagory. The freshly prepared home-

made mixtures are very much better as far as remaining in suspen-

sion is concerned; for after the precipitate is dried it cannot be re-

duced to a state of division equal to the floccules produced in the

liquid. For this reason alone, then, the home-made preparations

are preferable. . -

-

A number of preparations have been introduced under different

patented trade names. Experience and examination have shown
few, if any, of these possessed of exceptional virtues over the

'•'straight" goods. As a rule, therefore, it is safest for the fruit-

grower to give these special preparations a wide berth, unless their

advertised recommendations are supported by the strongest evi-

dences of chemical examination, or the strictest practical trial that

can possibly be given.

Bordeaux Mixture.

This compound, discovered accidentally in France about twenty

years ago, has become perhaps the most widely used spray mixture

of any kind. It is by far the most effective fungicide known, as many
trials in all parts of the world have demonstrated. It consists essen-

tially of copper hydroxid precipitated from a solution of copper sul-

phate b}^ caustic lime (calcium hydroxid). The copper is the active

jirinciple of the fungicide; that is, the effectiveness of the mixture in

destroying a fungous disease, or preventing its development, is due

wholly to the presence of the copper. Lime has been shown to pos-

sess, at best, only very weak fungicidal properties. The lime used

in the preparation of Bordeaux mixture may, therefore, be considered

as merely an agent to convert the copper sulphate into a less injuri-

ous copper compound. In the form of the sulphate, it is perhaps a

more effective fungicide, but it is then so injurious to the foliage of

growing trees and plants, unless used too dilute to be effective, that

its conversion into an insoluble and therefore less injurious form, is

necessary. It is for this purpose that the lime milk is used.
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The materials composing Bordeaux mixture are both staple market

articles, aud in commerce are pure enough for all practical purposes.

The sulphate is marketed both as large and small crystals, but for

epru^'ing purposes the small crystals are just as good as the large.

The only adulteration which need possibly be feared is the admixture

of iron sulphate—copperas. So far as known, however, copper sul-

phate adulterated to any serious extent has never been found in

the regular market.

Lime is more variable. In some localities it is unavoidably pre-

pared from a very poor class of rock. When such lime has to be

used in making Bordeaux mixture more has to be put in than when a

lime of good quality can be obtained. But the quantity of lime

should never be gauged by measure alone, for it is so essential that

enough be used "to neutralize" all of the copper sulphate, that the

mixture should be tested with either of the two simple tests at com-

mand to determine this point with certainty. A solution of

potassium ferrocyanide, yellow prussiate of potash (1 oz. dis-

solved in about a pint of water), is perhaps the most conveni-

ent test for determining the presence of sufficient lime. A
few drops of this solution added to a mixture containing

insufficient lime will produce a reddish brown discoloration,

while when sufficient lime has been added no discoloration

will result. In making this test it is best to dip out a small

quantity in a white saucer or shallow dish. Any slight discoloration

will then be readily seen against the white dish, which would not

be visible if the test were made by pouring the ferryocyauide solution

into the spray tank. The mixture should be thoroughly stirred be-

fore applying the test, and in order to be certain that it is, it is also

best to make two tests, giving a vigorous stirring between them.

The writer has sometimes found the second test to be different from

the first. When the two are alike it is safe to presume that enough

lime has been used. In using the ferrocyanide it must not be for-

gotten that it is a virulent poison. The utmost care is therefore nec-

essary iu having the bottle properly labeled and out of reach of chil-

drer and careless xjersons. When large quantities of stock solutions

are made up one test will suffice for the whole amount on hand. That

is, the one test will indicate the proper proportion of lime to use for

the total quantities of stock solutions prepared. Another excellent

method i« "to standardize" the lime milk with the copper sulphate so-

lution by making a small quantity of test mixture. The method of

making this test and standardizing as given by the writer in Bulletin

C8 of the Illinois Experiment »Station is as follows:

"Make up the stock solution of copper sulphate as usual, one

pound per gallon of water. Slake the lime, making of it a thin paste.

>>ow take one pint of the copper sulphate stock solution, dilute to

about a gnllon, and add to that small measured quantities of the



PLATE IX.

Properly and improperly made Bordeaux Mixture, after settling twenty minutes.

(From Bulletin 68 of the 111. Exp't. Station.)







PLATE X.

Properly and improperly made Bordeaux Mixture, after settling one hour]

(From Bulletin li ot th« 111. EJxp't. Station.)
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Uuie. testing after each addition, uiitil the sulphate has all beeu ueu

trali^ed. From the quantity of lime thus used the necessary dilu-

tion can be calculated to make the lime milk any desired strength.

The proportion of water necessary to make the proper dilution will

be equal to the difference between the required strength and the

qu.\ntity of lime milk used to neutralize the sulphate, expressed in

fractions of that strength. Thus, if one-half pint is used in the

neutralization, and if it is desired to have the lime of the same
strength as the sulphate solution, it will require one-half pint of

water for each one half pint of lime milk; therefore, the total quan-

tity of the latter will simply have to be doubled, by adding an equal

quantity of water. If only one-quarter pint was necessary to ac-

complish the neutralization, the total would have to be quadrupled,

or three times the quantity of water added. In large-scale opera-

tions this standardizing of the lime milk will be found very advanta-

geous, especially where the mixing is not all done by the same man.

In this case, the standardizing can be done by the foreman, or head

operator, and then the spray crews have simple, straight measuring

to do."

Another very simple test for determining the sutticiency of lime is

the so-called knife-blade test. This test consists of simply placing

the end of a bright knife-blade, key or other steel object in the mix-

ture. If too little lime has been used in the mixture the bright steel

will be coated with metallic copper, or copper-plated, while if enough

lime is present to combine with all the copper sulphate no such plat-

ing will take place. The making of these tests are impoitant; for it

must be emphasized that there must be no free copper sulphate in the

completed Bordeaux mixture. In order to be absolutely certain of

this it is best to use an excess of lime milk, which does no harm. In

fact, for use on tender foliage, such as peaches and Japanese plums,

it is necessary to prepare the mixture with a large excess of lime

milk in order to avoid injury.

Bordeaux mixture belongs to the class of spray washes which .con-

sist of insoluble substances in suspension in water. All the pre-

cautions, then, mentioned before regarding this class of mixtures

are applicable and must be observed. But in this case a good deal of

the difficulty in maintaining the compound in suspension may be

avoided in the preparation of the fungicide. That is, it is possible so

to mix the two ingredients that the resulting precipitate will settle

slowly, and may thus be kept in suspension with a minimum effort

of agitation. Plates IX and X exhibit the effects of different

methods of preparing Bordeaux. The photographs were taken after

allowing the mixtures to settle twenty minutes and one hour respec-

ti\ely. The mixture in the left-hand cylinder was prepared by mix-

ing dilute copper sulphate solution and dilute lime milk together.

The right hnnd mixtnro was made by mixing the concentrated solu-
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tioDS together, and then diluting. That is, the diluting was done

before mixing in one case; in the other, after mixing. The vast dif-

fcitnces in the rates of settling are well shown by the pictures. In

the properly prepared mixture there was practically no settling at

the end of twenty minutes, while the improper preparation gave a

mixture which settled approximately one third of the total column in

the same time, as shown by the clear liquid above the sediment. At
the end of one hour the properly prepared Bordeaux showed less

thaL an inch of clear liquid on top, indicating only a slight settling;

the improperly prepared showed nearly two-thirds of the column

clear. The importance of these differences in practice are at once

appiirent. A mixture such as that in the left-hand cylinder does not

need continuous agitation; simply stirring thoroughly every five or

ten minutes, or a few turns of a separate agitator while moving from

one tree to another, will be amply sufificient. For the mixture pre-

I)aved in the other way, continuous agitation would be necessary to

insure a uniform distribution of the remedy.

Moreover, the compound formed when the concentrated solutions

are mixed is without doubt different in its chemical make-up, and in

all probability has not the same fungicidal value as has that made
with the diluted solutions. Just how this is, however, has not been

fully worked out. From the standpoint of its physical properties

alone, the heavy flaky—"curdled"—precipitate is less effective as a

fungicide. In the first place it cannot be so easily applied; in the

se- ond, the flakes do not adhere so well, and in the third the coating

of the mixture will not be as complete as when the precipitate is

finer grained.

Bordeaux mixture should never be made with hot solutions. This

applies especially where the copper sulphate is dissolved in hot water,

or when freshly slaked lime is used. The writer has found that the

mixture made with cold solutions is even very much better than

when only moderately warm. Thus, for instance, quite a marked
difference was observed when the solutions were mixed at GO degrees

(F.; and at 80 degrees (F.). The 60-degree solutions gave a mixture

with very much better "staying-up" qualities than the 80-degree.

When the hot solutions are mixed a different precipitate is formed,

the dehydrated or anhydrous black copper oxid. This precipitate

settles very rapidly, and upon that score alone, is to be avoided.

Nothing but fresh or quick lime should be used. Air-slaked lime

is very unsatisfactory and should never be used. It yields a mixture

which settles rapidly, and which is, moreover, mixed with heavier

particles of carbonate of lime. The compound is, therefore, quite

difl'erent from the properly prepared Bordeaux mixture. The lime

should be carefully slaked by adding to it just enough water to keep

it moistened and prevent it from "burning." If the slaking is care-
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fully done and the lime is of good quality, a smooth paste with very

little grit will be formed. The lime paste may be made in quantity

and kept during the entire season if care is used to keep it covered

with water or means used to prevent it from drying out. If it is

allowed to become dry, it will not work up smooth, and a lumpy,

gritty milk will result.

The question has often been asked whether it makes any difference

whether the lime or the sulphate is first put into the tank; that is, if it

makes any difference whether the lime is poured into the copper

sulphate or vice versa. Investigations at the Vermont Station* have

shown that Bordeaux mixture prepared by pouring dilute copper

sulphate solution into dilute lime milk, stirring vigorously all the

while, or by pouring the solutions together into the tank, remains in

suspension better than that made by pouring the lime into the sul-

phate solution. The results of the work done at that station tend

to show also that the Bordeaux so prepared possessed better fun-

gicidal properties when used upon potatoes.

Bordeaux mixture should be used only while fresh. If allowed to

stand for some time—say from one day to another—the precipitate

changes in such a way that it will not remain long in suspension.

This increases the difficulties of agitation. It is probable also that

the fungicidal value of old Bordeaux mixture is different from that

freshly prepared. But the rapid settling seems to be the most serious

objection. Lodemanf cites a case in his experience where Bordeaux

mixture several weeks old was successfully used on apple trees by

using extra precaution to keep the precipitate in suspension. All

other experience seems to indicate, however, that the freshly pre-

pared mixture is by far the most effective.

Mixing Outfits.

Where a large quantity of Bordeaux mixture is prepared a special

mixing outfit will greatly facilitate the work and will be found well

worth the expense of constructing it.

The most successful of these outfits in operation consist of a system

of elevated tanks, so placed that the solutions may be run into a

third tank to form the mixture, and from the last into the spray tank.

For this purpose a series of tiers of three platforms, each higher than

the other, should be constructed. On the top one should be placed

the barrels holding the stock solution of copper sulphate and lime

ndlk. On the second platform should be placed two diluting tanks,

each with a capacity of a little more than one-half the total quan-

tity of Bordeaux to be prepared at one time. On the lowest plat-

form the mixing tank is to be placed. This tank should be large

enough to hold a full charge of mixture for the size of tanks used.

•Vermont Agricultural Experiment Station, 9th Annual Report, 1S95, pp. 88-M.
tThe Spraying of Plants, p. 132.
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If water under pressure is available, all the better; if not, a pump
throwing at least a two and one-half inch stream should be provided

to ri'ise the water to the highest tanks. In using such a system the

mode of procedure would be somewhat as follows: The lime is first

slaked, best perhaps on the ground in a box for the purpose. In the

upper barrels the stock solutions are made to the required strength.

From these the proper quantities are run into the diluting tanks be-

low. Then water is pumped in to dilute the two solutions each to

about one-half the total quantity to be made. After thorough stir-

ring, these are in turn run into the mixing tank through cocks so

placed that the streams of copper sulphate and lime come together

as they fall into the tank. After thorough stirring and testing the

mixture is ready to be run into the spray tank. Of course, the low-

est tank should be placed somewhat higher than the spray tank to

allow the completed mixture to be conveniently run in.*

Before closing this discussion of the preparation and use of Bor-

deaux mixture, it is well to call attention to a few minor details,

which, though apparently of little consequence, go far to lessen the

driidgery of spray work, and to that extent at least assist in securing

good results.

In the first place, the lime milk should be carefully strained. The

writer fully realizes that it is no easy task to strain large quantities

of milk of lime; but he is at the same time convinced that some con-

siderable effort in this direction will be found well expended and

may save much vexatious clogging of the nozzles. The strainer

should have not fewer than twenty meshes to the inch, and should be

of brass wire. (Iron would be quickly corroded by the copper.)

The strainer should also be made as large as possible—large enough

to fit over the entire head of an open barrel. If the straining sur-

face is thus made large, the straining will be comparatively easy and

rapid. For extra safety the completed mixture may be strained as

it is run into the tank.

When the spray tanks, barrels, pump and apparatus are to stand

unused for a time, they should be thoroughly cleaned by washing

and running through a few gallons of cheap vinegar to remove all

clinging particles of Bordeaux mixture. If these particles are al-

lowed to remain and dry, they form scales which become loosened

the next time the apparatus is used, and cause most vexatious and

discouraging delays.

Ammoniacal Copper Carbonate Solution.

This spraying compound ranks very high as a fungicide, being sur-

passed in effectiveness only by Bordeaux mixture. It is particularly

valuable for use when late applications have to be made, where the

•For a more detailed account of a mixlngr outfit successfully ueed in a lar5« apide orchard,

•ae Bulletin tS of the nilnola Experiment Station, page 181.
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staiu left bv Bordeaux mixture would be objectionable. The solu-

tion when properly prepared is perfectly clear and of a very light

blue color, which, however, i® practicall}' invisible after it has dried

upon the leaves or fruit. For the very late spraying of peaches and

phiras against the brown ripe rot it is especially valuable.

The materials for preparing the solution are copper carbonate

powder and commercial ammonia. The first needs no comment, for

it has not been found adulterated so far as

known. If one cares to take the trouble, how-

ever, the powder can be prepared at home at

about one-third the cost of the commercial arti-

cle. The following method of preparing the

chemical has been given by Chester in the

Annual Keport of U. S. Com. Agric. for 1890.*

^'Dissolve in a barrel twenty-five pounds of

copper sulphate in hot water. In another bar-

rel dissolve thirty pounds of sal-soda. Allow

both solutions to cool; then slowly pour the

solution of sal-®oda into the copper sulphate

solution, stirring the same. Fill the barrel

with water and allow the precipitate of copper

carbonate to settle. Upon the following day

siphon off the clear supernatant liquid, which

contains most of the injurious sodium sulphate

in solution. Fill the barrel again with water,

and stir the precipitate vigorously into sus-

pension; again allow the precipitate to settle,

and again on the following day draw off the

clear liquid. The operation w^ashes the carbo-

nate free of most of the sodium sulphate which

contaminates it. Make a filter of stout muslin

by tacking the same to a square wooden
frame which will just fit over the open top of

the second barrel, letting the muslin hang

down loosely so as to form a sack; through

this filter pass the precipitate, so as to drain

off the excess of water, and as the filter fills, re-

move the precipitate and allow it to dry in the

air, when it is ready for use. The operation is

not troublesome, and can be carried on in con-

nection with other work By
'using the above amounts of material there will

be formed a trifle over twelve pounds of cop-

FiG. 4.t per carbonate."

•Cited by I.odeman. "The Spraying of Plants," p. 137.

tFrom Bulletin 6S of the Illinois Experiment Station.
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The ammonia water used for preparinjj; the copper carbonate solu-

tioi. should be of the t^trength designated as "2(> degrees Beaume,"

tlie ordinary commercial product. Of adulteration, there is little to

fear. Sometimes, hoAvevei-, it is weak, owing to llu^ escape of the

gas from the sohition (it is simply a solution of ammonia gas in

water) when the vessels containing it are not tightly closed. When
up to full strength the 2(1 degree ammonia contains about 2~) per cent,

of the gas, and it is upon thi.s strength that the ijuantity recom-

mended in the formula for prejiaring the solution is based. It should

be borne in mind, however, that no more annuonia should be used

than is actuall}' necessary to dissolve the copi)er carbonate; the

smaller the quantity, the better. Ammonia has an extremely caustic

action upon the leaves and when used too strong eterions injury is

sure to follow. For this reason it is safest for those who make use

of the co])per carbonate solution to any great extent to provide them-

selves with a "specific gravity spindle" for testing the ammonia they

intend to use. Fig. 4 represent® such an instrument in use. A tall

cylinder, such as shown in the drawing, is filled with the ammonia
water to be tested. The spindle is then allowed to float in the

liquid. The depth to which the bulb will sink will depend ujjon the

density of the licpiid. The ui)per stem of the s])indle is graduated

to show the si)ecific gravities indicated by the dilTerent depths to

which the bulb sinkis in the li(iuid to be tested. The figure at the

surface indicates the specific gravity, or relative density as compared

with water, of the ammonia water being tested. The specific gravity

in turn indicates the percentage of ammonia, which can be found by

reference to the appended table. For example, if the spindle indi-

cates a specific gravity of .1)02, by reference to the column "specific

gravity" the figure opposite in the "I'cr cent. of Ammonia" column is

found to be 24.!)4, thus indicating that the ammonia water is prac-

tically up to strength. If the ammonia is strongei", less will be re-

(piired to accomjjlish the solution; if weaker, more must be used.

With this test, the fj'uit gi'ower is enabled to determine just what

strength of ammonia he has to deal with, and thus all dangerous

guess-work can be avoided.
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*TABtE Showing Percentages of Ammonia in Solutions of the Gas in

Water, as Indicated by their Specific Gravities.

»^
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INSKCTS INJURIOUS TO CUCURBITACEOUS
PLANTS.

BY H. A. StJBFACE, Professor of Zoology, Penna. State College.

CUCURBITACEOUS PLA:XTS.

By the above term is meant those plants that belong to the botani-

cal family Oucurhitacece. Although they are all vining plants, one

could not give them the common name of "The Vining Plants," be-

cause such a term would apply as well to sweet potatoes, grapes, etc.

Belonging to this family.are the following: Watermelon and citron,

muskmelon or cantaloupe, cucumber, squash, gourd, cashaw, pump-

kin,, etc.

The citron is but a variety of watermelon that is used for preserv-

ing, as regular citrons of commerce are preserved. Muskmellons

and cantaloupes are identical, although some persons have attempt-

ed to indicate differences.

INSECTS.

GENERAL REMARKS ON INSECTS.

Since the insects that attack one species of these plants are found

more or less injurious to all of the family, we shall not make a sepa-

rate list of species of insects for each kind of plant, but shall discuss

them in their' consecutive entomological order. We refer for the

practical measures of each to tlie separate discussions of preventives

and remedies given in the latter part of the bulletin.

CLASSIFICATION.

In order to understand the principles of the classifications, life

histories, and remedies given later, it is necessary to bear in mind

the following fundamental facts concerning insects:

The class of insects {Insecfa) is divided into large groups called

Orders, and the latter are in turn divided into smaller groups, each

called a Family. Families contain yet smaller groups called Genera

and the final division of the latter is Species. The scientific name of

an insect is the name of its genus and species written in the order here

inddcated. Tlu' classification of an insect is its order, family, genus

find speciv'^s. In the following pages we have expressed the classifi-

:^2
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cations of the insects to be treated by naming the order and family

and giving the scientific name of each.

Orders and families are founded upon certain common important

structures, the more potent and general of which characterize all

insects belonging to the major group. There are nineteen orders

known to modern entomologists, but the insects treated in this

article represent only five of these.

STAGES IN LIFE HISTORY OF INSECTS.

Insects undergo transformations called metamorphoses. In their

life cycle they exist in certain forms called stages. Those treated in

this bulletin have either three or four stages, according to their kind

of metamorphosis. It may be "Incomplete," in which the insect

has but three stages: (1) The egg, (2) nymph or immature, and (3)

imago or adult. (See Fig. 1.) In this group the young resemble the

adult in form and generally in habits, lacking only the wings. There

is no worm-like existence and no pupal or quiescent stage. The
squash bugs and grasshoppers are good examples of insects with

incomplete metamorphosis. The young are called nymphs.

The representatives of the next group, or those with complete meta-

morphosis, pass through four stages: (1) The egg, (2) the larva, or

worm-like stage, (3) the pupa or resting stage, and (4) the imago,

adult or mature insect. (See Fig. 2.) The young are called 'iarva?"

and do not at all resemble the adults. They are popularly known as

"worms," but this common name should not be given them, since

worms are independent creatures that do not transform into any other

form or stage. (Example, the earthworm).

Insects grow only in the nympili or larval stages. They do not

become larger after having once reached the adult or winged stage.

They live in the latter condition but a few days or weeks, mate, lay

their eggs and then die.

Some adult insects do not eat; others, like the butterflies, only

sip a little nectar and do not have feeding habits similar to their

young. Others, like the squash bugs and cucumber beetles, eat the

same kind of food as do their nymphs or larvce.

The feeding habits of insects is a fundamental feature in applying

insecticides. Some have biting mouth-parts with strong jaws and

chew the leaves or tissues of the plant. (Examples, caterpillars,

beetles, etc.) These insects that chew can nearly always be killed by

poisons, which are to be taken internally, among which the arsenites

are prominent, and Paris green is the most valuable. (See Insecti-

cides, A.) The insects that do not chew their food have piercing

mouth-parts, as has the squash bug. (See Fig. 3.) As they are suc-

torial and do not suck before the bill is inserted, they are not affected

by poison lying on the leaf. They must be killed by contact applica-
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tions (See Insecticides, B.), which kill by entering the breathing

pores, but not the mouth.

THE SPECIES OF INSECTS.

ORDER PHYSOPODA: Family Thripdae: Thrips. (Fig. 4.)

Tobacco Thrips or Onion Thrips
(
Thrips tabaci).

The Thrips are among the most minute of insects. Their mouth-

parts are fitted partially for suclving and partially for biting, but

mostly the former. They do not eat away tlie tissues of the plant,

but pierce the leaves and cause small white specks which may become
so abundant as to give the plant a grayish appearance. These in-

sects are from one-sixteenth to one-fortieth of an incli long and

about one-fifth as wide. They are dark in color and have four very

minute wings fringed with long hairs which increase their surface

firea and fiying capacity. When disturbed they suddenly disappear

by jumps or short flight.

This species has been reported feeding on sixteen species of plants,

besides on melons, squash and cucumbers; mostly on onions and
cabbage, where they are at times very destructive.

Their habit of sudden jumping flight gives the key to the remedy
for them, which is Mechanical Device No. 3. They will fly down
the wind and be carried against the tarred cloth or board held in

their path of flight to the leeward. They can of course be killed by
contact applications; also by Mechanical Device No. 3 and by in-

secticides 6 to 12.

ORDER HEMIPTERA: The True Bugs, Plant Lice, Scale Insects,

Etc.

FAMILY COREID^E: The Squash Bugs. (Fig. 5.)

The Squash Bug or ''Stink Bug" {Anasa tristis).

The squash bug is about five-eighths of an inch long and one-

fourth of an inch wide, with antennte half the length of the body.

The head is dusky, nearly black; thorax or part to which the wings
are attached, dark brown; scutellum or triangular piece between the

wings, dusky; sides of abdomen or posterior part banded with six

yellowislh bauds; upper wings dark and brown or grayish at basal

half and sooty black toward the tips, which are thinner; the under

wings are smaller and very thin and gauze-like toward the base and
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dark toward the tips. The legs are long and slender, the hinder pair

measuring half of an inch in length. The suctorial beak is very long

(one-fourth inch), sharp and slender, and reaches back on the ventral

side to the base of the hinder pair of legs. (See the upper specimens

of Fig. 5.)

The nymphs are much broader in proportion to length than are the

adults. The adults of these insects fly readily by day and are not

attracted to lamp traps at night.

This common and well-known insect is the most destructive of the

pests infecting Cuburbits toward the middle and latter part of the

summer. It appears about the last of June and is found on the vines

or fruit until after frost comes. The first one found by us was on a

plant just about sprouted, on the 15th of June. They feed on all

Cucurbits, by sucking out the juice of the plant. According to the

habit of many other bugs, they inject a poisonous saliva into the

plant and this turns the "leaves dark in spots and causes them to

wither, crumple and soon turn brown. (Fig. 6.)

They are social insects, living in groups under the crumpled leaves

and under or sometimes upon the large leaves that lie on the ground.

(Fig. 7.) The first mating occurs in the latter part of June and

the first eggs are_ deposited in the early part of July. The eggs are

large, oval and at first are white and adhesive. They gradually be-

come cream colored, reddish brown, and wine red; later they become
bronze red, and shortly before hatching are nearly black. They are

deposited in diagonal rows in irregular-shaped patches, generally be-

neath the leaves, but sometin)es above. (Fig. 8.) The distance be-

tween them is equal to one-half the width of the tip of the abdomen
of the female. They are very conspicuous and can readily be de-

tected for the remedies given below. The number in a patch varies

from a very few to over fifty. They hatch in from ten to sixteen

days, according to temperature, hatching sooner when the weather is

warmer. They are so plainly seen that they can readily be de-

stroyed. They adhere too firmly to be easily picked off, and we have

found that they can be painted with a touch of pitch and killed.

Painting with pure kerosene does not always prevent their hatching.

The very young bugs are very brightly colored. Their bodies are

light green and their legs and antennje are bright red. Within an

hour the appendages turn dark and become black. The young bugs

live in groups (Fig 9) and moult several times. They finally obtain

wing pads and the next moult they have wings and are adult. After

the final moult they are .at first white, but in a few minutes become

dingy brown, then darker, and in a few hours grayish. Soon they

pair and the females afterwards lay from one hundred and fifty to

three hundred eggs. A second laying of eggs often ensues and thus

the second brood may appear. They have the same appearance ancj
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habits as the first brood. In the northern part of the United States

there is but one brood. When the weather is cool they go under

cover for protection, and come out into the sunshine to be warmed.

(Fig. 10.) At night they seek the cover of a leaf, the under side of

a board, etc. (See Fig. 44.) This habit leads them to their diestruc-

tion where board traps are used. (See Mechanical Device No. 4.)

In the fall of the year the insects are quite likely to collect on the

green fruits of the vine and suck juices from them after they can no

longer derive any from the leaves. This is the time that they should

especially be killed by kerosene spray or sprinkling to prevent their

scattering and living through the winter to become the progenitors of

of next year's pests.

As the broods are not sharply separated, but some individuals lay

early ani others lay later and the laying and hatching continues

throughout the season, all stages can be found at one time, and there

is the appearance of continuous breeding. (Fig. 11.)

The winter is passed in hibernation in the adult stage, sometimes

far away from the places where the infested plants grew. They
hibernate in woods, along fences, in rubbish, under boards, espe-

cially in lumber piles, in grass, sod, etc. On account of their offen-

sive odor they have no conspicuous vertebrate enemies, such as

snakes, toads, birds or skunks, as have many other species of insects,

but they are greatly infested with the larvae of parasitic flies

{Tachina). When the bugs become abundant, as in the summer of

1901, these parasitic flies multiply in the first brood and become so

numerous in the second brood as to materially reduce the number of

adults going into hibernation. In fact last fall we could not find one

adult that did not have upon its body one or mbre eggs or parasites

(Fig. 12) and under or near these empty egg shells there could be

found the tiny hole where a young fly larva had bored into the interior

of its host. Owing to this fact we then predicted that there would

be but few squash bugs during the season of 1902, and this prediction

was fulfilled to a remarkable degree.

REMEDIES.

Since these are sucking insects and do not bite the plants, they

cannot be killed by poisons. The only remedies that can be effect-

ively employed against them are clean farming, hand-picking, me-

chanical contrivances (Nos. 1, 2 and 4, described later), contact sprays

and painting the eggs with something like pitch to destroy them.

To prevent next year's brood it is important that the vines be de-

stroyed and the green fruits be removed just as early as possible in

the fall. If this were universally done there would be no bugs of

the eeoond brood coming to maturity.
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ORDER HEMIPTERA: The True Bugs, Plant Lice, Scales, Etc.

FAMILY APHIDIDJE; The Aphids.

The Melon Louse {Aphis gossypli), and The Cucumber Louse {Aphis

cucumeris)-

The Melon Aphids are very small, greenish insects with globose

bodies not an eighth of an inch long. Some of the adults are wing-

less and some are winged. As they belong to Hemiptera they agree

with all insects of this large order (excepting the male scale bugs)

in having only the three stages in their life history: Egg, nymph and

adult. Yet the plant lice are parthenogenetic or give birth to suc-

ceeding generations of living young without mating for each genera-

tion. When winged there are two wings on each side of the body.

These are long and delicate and so close together that they would be

taken for a single pair. All plant lice are suctorial, feeding by suck-

ing out the juices of the plant. They live mostly on the young leaves,

terminal buds, and the unopened flowers, where their damage is

greatest. (See Fig. 13.) Their effect is to check the growth and dis-

tort and crumple the leaves. The two species named above are so

nearly alike in appearance and effects that no difference is to be made
in this treatise. They feed on dozens of different kinds of plants, cul-

tivated and uncultivated, and they are therefore quite diflScult to ex-

terminate.

They have probably more natural enemies than have any other

kind of insects. Among these are many insectivorous insects, such

as lady bugs or lady beetles, Syrphus fly larva? (Fig. 14), minute wasp-

like internal parasites, the Aphis Lion or larva of the Lace-wing, etc.

(Figs. 15, 16, 17.) They are also the common food of most small in-

sectivorous birds, and are killed in great numbers by a fungus.

They may prove serious at times if no efforts are made to prevent

them, but if taken early enough in the season they are easily held in

check by Mechanical Devices Nos. 2 and 3; Farm Practice Nos. 2, 3

and 4; insecticides Nos. 6, 7, 8, 9, 10, 11, 12 (a and b), and 15.

ORDER LEPIDOPTERA: Moths, Skippers and Butterflies.

FAMILY PYRAUSTID^; The Pyraustids.

The Pickle Moth {Endioptis nitidalis) (Fig. 18.)

The larva of this moth bores into the fruits of squashes, melons,

cucumbers and cushaws, feeding on the fleshy pulp, causing it to de-

cay. It is quite a pretty brown and yellow insect called "the pickle
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moth, because the caterpillar has the habit of feeding upon the cu-

cumber, boring into and destroying it when about half grown. It is

more common in the western States, and no satisfactory recommen-

dations for its control have yet been made."—(Smith).

This insect has not yet found its way to Pennsylvania, bui f it doecj

it can probably be successfully :ombatted by spraying in tii ..^ with

the arsenites (Insecticides, 1-5) before the "worm" enters the fruits.

This is to kill it when it commences to feed just as we now success-

fully contend with the Codling Moth by the same means and upon

the same principles.

ORDER LP^riDOriERA: The Moths, Skippers and Butterflies.

FAMILY PYRAUSTID^; The Pyraustids.

The Melon-worm [Margaronia hyallnata). (Fig. 19.)

The melon-worm is another pest of the southern and southwest-

ern States that is not yet common in Pennsylvania. It destroys the

leaves of the water-melon and the leaves and fruit of the musk-melon.

It is a light yellowish green caterpillar about an inch long.

For all such biting insects the standard remedy would be the ar-

senites, especially Paris green, Xo. 1, applied as soon as the first signs

of the insect occur and continued weeklv for three or four weeks.

ORDER LEPIDOPTEEA : iJ oths, Skippers and Butterflies.

FAMILY SESIID^: The Clear-wings.

The Squash-borer {MeUttia ceto). Figs. 20 a and 20 I.)

The insect or so-called "worm" that bores in the stem of the

squash, pumpkin and some other Cucurbits is the larva of a moth
that is called "a Clear-wing," because it has a epace in its wing that

is clear and not covered with scales. The adult or moth measures

over an inch in extent of wings from tip to tip, and has the front

wings covered with dark green scales. There is a conspicuous tuft

of red, white and black hairs on each hind leg which is characteristic

and renders this moth easily determined.

It flies by day, as do all clear wings, and at night remains quiet

on the leaves of the plant its larvae infest. On this account it is
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easily found and killed by using lanterns at night. It does not fly

into lamp traps. In its flight it resembles a wasp.

The moth pasees the winter in the ground and appears in this lati-

tude about the last of June.

It lays its eggs singly, either on the vine or on the stalks or petioles

of the leaves. The favorite place is toward the base of the vine. We
have found many at the top of the leaf stem. (Figs. 21, 22.) When
the larva hatches it eats into the interior of the vine or of the hollow

leaf stem and follows the latter down and enters the vine. The small

hole that it makes can be seen and generally fine borings or dust (ex-

creta) can be seen at this hole. Their presence in the vine can first

be detected by the presence of the dust at the small hole.

Because it is an internal feeder it cannot be killed by an insecti-

cide. It should be cut out with a sharp knife, cutting lengthwise of

the vine, and dust rubbed on the wound to facilitate healing. The
vine ehould be covered at intervals of a few feet with damp earth

over the base of the leaves that roots can be formed there. After

the new roots are formed the vine will continue to grow even though

it may be entirely cut oil' at its base. We have grown good crops

on plants treated in this way. (Figs. 23 and 24.)

Another method is to plant summer varieties of squash to become

large and receive the eggs and larvae; then after the winter varieties

(Hubbards and Marrowfate) are starting, gather the early fruits

from the trap crops and destroy the vines by burning.

Mechanical protection from squash borers is not possible because

they attack the vines after the latter are too large to be covered by

netting advantageously. Pumpkin vines are commonly infested and

should be burned as soon as the crop is gathered or when found dying.

(Farm Practice, No. 2.)

ORDER COLEOPTERA: The Beetles.

FAMILY COCCINELLID^: The Lady-bugs, Lady-birds or Lady-beetles.

The Herbivorous Lady-bugs [Epilachna horealis).

The adult beetles of this species are large hemispherical, yellow

with black spots. The larvae are also yellow, elongate, oval, with

long branched spines. ''Lpllachna horea is is the northern and east-

ern species, attacking cucumber, melon and similar vines, while

L. corrupta.\% found in the southwest, injuring beans. A curious

feature in E. 'borealls is the manner in which the adult works out a

circle at the edge of a leaf and feed® within it until all usable ma-



Fig. 1. Three stages of the Squash Bug
(Anasa tristis), (a) adult, (h) nj'mph, (c) egg,
x2. Drawn by E. L. Westlake, from a photo-
graph by the author. (Reduced.)

Fig. 2. The four stages of the Striped Cu-
cumber Beetle (Diahrotica vittata). magnified
five diameters; a. Eggs; ?j. Larva; c. Pupa;
d. Imago.

{

Fig. 3. Illustration of Insects witli Sucking
Mouth-parts. Beak ^partially extended. (Reduced.)







Fig. 4. Different Species ol"

Thrips, five times natiu'al size.

The one ;it the api)ef left coi-uer
is a nymph without wing-pads.

Fig. 5. Adult Sciuash Bugs (Anasa
(r/.s^iVs), luiturul size. Dorsal or upper
side shown by the two below; ventral or
under side shown by the two above.
The two at the reader's left are males,
and the two at the right are females.

Fig. 6. Squash Leaf Crunii)led, showing effects of Squash Bugs.
The colony of bugs living within its folds could not be entirely exter-
minated by spraying with kerosene. The best treatment for such a
leaf is to carefully cut it off and either crush it under one's foot on the
ground or drop it into a vessel containing kerosene on water.



Pig. 7. A colony of young Squash Bugs, of different ages, showing gre-
garious habits. In such a position as this they are readily reached" by
kerosene emulsion or kei-oseue mixture.

Pig. 8. Eggs" of the Squash Bug (Auasa tristis).

natural size, in sitxi. on the underside of a squash leaf.

This shows the regular distance between the eggs,
the diagonal direction of the rows, and the irregular
shape of the patch as a whole.







P^ig. 9. Eggs and Nymphs of Squash Bugs, one-fifth uaiural size. The
young have recently hatched and remain in a group near the egg shells,

I
[^
which adherejto^thedeaves all summer.

I"' Fig.jlO. A group of Squash Bugs on a dead leaf in the Fall, show-
ing where they can be killed by a stronger kerosene spray.



Fig. 11. All stages of the Squash Bug {Anasa triatis)

At the left of the center is the female, laving eggs, be-
low the center is a row of eggs, and below and above
the female are nymphs without wing-pads : while at the
upper right corner is an older nymph with wing-pads.
Photographed in the field. %vith the insects alive and in

their own natural positions. One-fourth natural size.

Fig. 12. Eggs of Pai'asites on Squash Bugs. It was through
the abundance of these parasites, detroyiug the fall brood of
IWOl after it became adult, that the bugsare rare and crops are
free from serious injury during the season of 1902. Slightly
more than twice natural size.







Fig. 13. Plant Lice {Aplds) on the unopened blossoms and young leaves.

Fig. 14. Syrphus Flies. Very im-
portant enemies of Plant Lice on all

kinds of plants, (a) Eggs
;

(b) Larva
alive and eating an Aphis

;
(c) Adult.

Twice natural size. The Larva is not
the same species as egg and adult here
shown but is larger. It is suiTounded
by the remains of the Aphids it has de-
voured.



Ficr. 15. Aphis uud its Enemies Tliis photograph shows some live
Plant Lice, both old and young. Some tliat were killed by fungus, some
exuvite or cast skins of Aphids. S3'rplius Fly eggs and larvae (at X), and
L.ady Beetles. Nearly natural size.







Fig. 16. The Lace Wing Fly (Chry-
soprt.) (a) Egg on stalk foi- pi'otec-

tiou; (h) Larva, called Aphis Lion;
(c) Adult Female Lace-wing. This
is the individual that layed the egg
shown at a. Twice natural size.

#t#fi#i

Fig. 17. Several sjiecies of Lady Beetles, taken from Cucur-
bitaceoiis plants, where they were devouring Plant Lice, In-

sect eggs, etc. Twice natural size. Above are the larva and
pupa of a Lady Beetle.

Fig. 18. The .Pickle Worm (Endioptis nitalis). Reproduced
from the Keport of the United States Department of Agriculture.
(Riley).
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terial is exhausted before proceeding to another place to repeat the

operation."—(Prof. J. B. Smith.)

It is remarkable as being the only herbivorous Lady-bug. All

other species are insectivorous and beneficial. In both the larval

and adult stages it feeds on the leaves of nearly all the cucurbits,

and pupates while attached to the leaves.

It is killed by applications of any of the arsenites, the same as are

the other Coleoptera or beetles here discussed, and is likewise pre-

vented by covering the plants. It is killed under the paper tent,

Mechanical Device No. 2.

ORDER COLEOPTERA: The Beetles.

FAMILY CHRYSOMELID^: The Leaf Beetles.

The 12-Spotted Cucumber Beetle {Diahrotica 12-notata.) Fig. 26.

The adult of this insect is a greenish yellow beetle, with six black

dots on each wing-cover. It is very common on a great many kinds

of plants. The adult beetle feeds on foilage, and the larva feeds on

the roots of plants. It pupates in the ground and remains there

during the winter. There are tw'o brood® each year, the adults of

the second brood appearing during the first half of August.

The eli'ects of this insect, the remedies to be employed, and the

enemies of this insect are the same as those of the next species.

The Striped Cucumber Beetle {Diahrotica vittata.^ Fig. 27.

This is one of the earliest and most destructive insects attacking

cucurbitaceous plants. It injures all species of plants of this family

as well as of some others. The beetles are about one-fourth of an

inch long and are yellow, with two black stripes extending length-

wise on each wing cover.

They are too w^ell known to need detailed description. They ap-

pear on plants by the first of June, or as soon thereafter as the young

plants come above ground, and commence at once to eat ragged holes

into the leaves and even to chew off the young stems. (Fig. 28.)

They pair by the middle of June and continue breeding throughout

the summer, there being two distinct broods which overlap and are

thus indistinctly demarcated. In central Pennsylvania the second

brood commences to appear about the second week of August. The
adults feed on the leaves and tender vines and lay their eggs in the

ground. (Fig. 29.) The larvae feed on the roots and often cause the

plants to wither and die without apparent cause. (Fig. 30.) If the
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earth is carefully removed from around the wilted plant the small

white "worm" may be found, and the rootlets and soft outer portion

of the roots will be found eaten away. (Fig. 31.) They pupate in

the grou'jd and hibernate as adults.

The earliest remedy is mechanical protection (No. 1) by a net or

cloth with liner meeh than the common coarse mosquito netting.

The adults can be killed by the arsenites (1—5), also by to-

bacco (11), lime (14), land plaster (13), and they can be prevented by

the various methods under "Farm Practice." The larvae can be

killed by using tobacco dust or pulverized stems in the soil around

the hill. We have had decided success by sticking a few holes four

or five inches deep in the ground around the hill and putting about

a teaspoonful of calcium carbide in each and filling again with

earth. Land plaster and turpentine are also preventives. A pinch

of nitrate of soda in each hill acts both as an insecticide and as a fer-

tilizer.

Ground Beetles [Ilarpalus) and their larvae destroy many of the

larvae and pupae.

(See general Remedies and Preventives given later.)

ORDER COLEOPTERA: The Beetles.

FAMILY CHRTSOMEIvID^: The Leaf Beetles. (Fig. 32.)

The White-striped Flea-beetle {Systena llanda). The Elongate Flea-

beetle {Systena elongata), and The Cucumber Flea-beetle {Crepldo-

dera cucumeris.

)

As all the Flea-beetles belong to the same sub-family and as their

habits, life histories, effects and remedies are similar we here treat

them together. They can be known by their very small size and the

enlarged segment (femur) of the hind leg, with the fact that they are

able to jump and suddenly disappear like fleas (hence the common
name), although their jump ends in a short flight. The White-striped

Flea-beetle [Systeyia hlanda) \& one of the commonest and most de-

structive. (Fig. 34.)

They are the first insects of the spring to attack the plants, eating

fine round holes in them before the leaves have expanded and con-

sequently inflicting considerable injury. As the leaves grow the

holes enlarge and become conspicuous with brown edges. (Fig. 33.)

The larvae of most species mine in leaves, feeding on the fleshy sub-

stance between the two outer coverings, but they do not effect much
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damage. The one generally called "The Cucumber Flea-beetle''

{ Crepidodera cucumeris), prefers potato leaves to those of cucumbers.

(Fig. 35.)

Although the adults are very small they often appear in such num-

bers as to prove quite serious. They are too small to be kept out by

netting unless very tine gauze or cheese cloth is used. On account

of the readiness with which they jump with the wind they can be de-

stroyed by thousands by Mechanical Device No. 3.

They are biters or chewers and hence can be killed by the arsen-

ites. The remedies are the same as for the striped cucumber beetle.

Bordeaux mixture is good, besides acting as a fungicide or remedy

for plant disease. The tobacco decoction and arsenate of If'ad are

also to be especially recommended.

ORDER DIPTERA: The Flies.

Whenever decay commences in any part of cucurbitaceous plants,

several species of fly larvse or "maggots" may be found. They are

whitish, footles® and headless grubs, without jaws or appendages.

They live in the liquids that accompany decay and feed upon these

and the decaying tissues. They need cause no alarm, as they are

more the result than the cause of the trouble where they occur.

Sometimes one may see a wilted young plant, and upon digging

into the ground find it nearly cut off an inch or two beneath the sur-

face, and in the wilting stem, toward the top, may be found a single

fly larva. This is there because the Cucumber Beetles had bitten the

plant partially off and left a suitable place for the adult fly to de-

posit its egg.

Ko remedy is necessary but excessive seeding prevents disastrous

results from the effects of the Cucumber Beetles and anv other in-

sects that would cut off some of the young stalks.
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PKEVENTIVES AND REMEDIES.

A preventive is something that keeps an insect away from the

crop, and a remedy is a means of destroying it after it is present. All

that we wish here to indicate is how^ to produce a crop of Cucurbits

by successfully combatting the hosts of insects that yearly become
more serious. The means to be employed may be classed in one or

more of three groups, which for want of better terms we designate

as (1) Mechanical Devices, (2) Farm Practice and (3) Insecticides.

These overlap, and it may be difiScult to tell to which some of the

later suggestions may belong, but as we have tried most of them
and have found them reliable we know that they can be used with

safety and with feelings of security.

I. MECHANICAL, DEVICES.

1. A Covering of Netting for Protection.

The netting is esj)ecially important for young plants, as it protects

them from insect attacks until they are well started, when the inju-

ries will not be so perceptible. Closely-woven mosquito netting will

do for all insects but the tiea-beetles and thrips, but for these pests

finer material must be used. A nice way to put up the net is to cut

it into squares as large as desired (about three feet each way), and

stick into the ground both ends of two pliable sticks bent into semi-

circles and crossed at right angles at the top like the central wickets

of a croquet ground. Cover them with the netting and place loose

earth on the edge all the way around to hold it down. (Fig. 37.)

Another and quicker method is to incline a single stake over the

plants and push or drive it into the ground. Over this place the

netting and cover the margin with loose earth. (Fig. 38.)

Another method of covering plants has been highly recommended

by Prof. C. M. Weed and others. It consists in covering two end-

boards with netting and attaching a stake to each to hold it upright

when pushed into the soil. This gives a box-shaped cover with only

two ends of wood, the top and two sides being netting. It has the

advantage of being portable and readily packed in compact space for

use another year. The mode of construction and use is shown by

Fig, 39. We have not found it more effective than some of the more

simple devices here mentioned, especially that of Fig. 38.

With all kinds of netting it is essential that the meshes be small

enough to keep out the insects and that the edges be well covered

with earth m> the inseote will not crawl beneath them.
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A third and still quicker and therefore more economical method

is to simply place the netting loosely and unsupported over the

plants and fasten it down with the loose earth. It should be pulled

up at the middle once about every three days in order to relieve the

pressure on the plants,but if it does not rain on the earth and fasten

it down the plants will exert sufficient pressure to support the net-

ting for themselves. After a few weeks it can be removed and

stored for another year. This method appears almost as effective

as any, and we have tried all. (Fig. 40.)

2. The Paper Tent.

We have recently devised and tested this "tent" and consider it

effective for all kinds of insects on plant® small enough to be tightly

covered by it. We used large sheets of brown paper thirty by thirty-

six inches, procured at a newspaper office. Each is folded twice to

make a block of four sheets one-fourth the original size. Then a

diagonal fold is made from the corner that was the center across to

the farthest corner. (See 111. Xo. 41.) When this is properly un-

folded and partially spread it will stand upright like a tent. About

two tablespoonfulls of carbon bisulphide are poured on the ground

around the plants in the hill and the paper tent is quickly placed over

them and its edges covered with earth. Two persons can place one

hundred tents in an hour, and by that time every living insect (except

the borers) will be killed under the first that were placed and the

workmen can commence to cover other plants with them. Carbon bi-

sulphide and calcium carbide are especially effective when properly

used with this device. It can be used" over any and all kinds of plants

that it will cover and the insects thereon will be killed, no matter

what species, and the plants will not be injured. It is here described

for the first time. If larger plants are to be treated two or more

sheets may be pasted together. They can be stored in tight boxes

away from mice and kept in use for many years. (111. 41.)

3. The Tarred Board. (111. Xo. 42.)

This device is a modification of the tarred cloth and for some
reasons is preferable. Thin boards are nailed on a cross pole in such

a way as to give a flat surface about thirty inches wide by forty

inches long. Over the broad board thus made tar or pitch is to be

smeared. When a person carries this tar board by the pole or han-

dle with the tarred side toward jilants and another person from the

windward side of the row brushes insects toward it they strike it and

are killed by thousands. It can be operated successfully by one per-

son. (Fig. 43.)

This is especially recommended for thrips, flea-beetles, striped

cucumber beetles and plant lice. It can be used to advantage for
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such insects as these on any kind of plants, but those insects, like

plant lice, that do not jump readily must be brushed against it. This

is such a cheap and eft'ective device that it should come into general

use.

4. Board Traps. (Fig. 44.)

Simply flat boards are placed on the ground around plants, and
as it is warmer under them at night than in the air above them, in-

sects of certain species congregate there and in the morning may be

brushed off into a can or tray of kerosene and water and thus killed

at once.

This is especially recommended for squash bugs, cut worms, false

army worms, crickets, slugs, etc.

II. FARM PRACTICE.

1. Clearing up all Rubbish.

It is particularly important that this be done late in the fall and
in the winter. If debris of all kinds available then be raked together

and burned many hibernating insects will thus be killed. However,
it is advisable that a watch be kept for toads which hibernate under

leaves, etc. These animals are of great value as destroyers of in-

sects and slugs and they should be preserved with care. They are

too fretjueutly burned with leaves and rubbish in the winter time.

Eail fences are favorite places for insects like the squash bug to

pass the winter in hibernation, as well as favorable to the growth of

weeds. TN'ire and board fences can be kept cleaner and consequently

will contribute toward keeping down insect pests.

2. Clearing Away Unused Portions of Crops.

Just as soon as the desired portion of a crop is gathered the remain-

ing parts of the plants, green fruits, stems, leaves, roots and all,

should be burned, buried or thrown in a heap to decay. The late

fall brood of nearly all species of insects mentioned in this Bulletin

would be reduced if this practice were general. This means that but

few individuals would be able to live through winter and infest the

crops for a new brood in spring.

If at any time plants or parts of plants are killed by insects they

should be burned at once. This is a general principle of great im-

portance and applies to all crops.

3. Killing all Weeds.

Since some of the insects (particularly the plant lice and flea-

beetles) mentioned above feed on several kinds of weeds it is very

important that the premises be kept free from weeds, because other-

wise the pests are able to multiply on the uncultivated plants and

from them, constantly come to infest the cultivated crops.
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4. Rotation of Crops.

This practice sliould be followed for the sake of the strength of

the plants if not for the repression of insects. Many pests stay in-

one locality, and if the same kind of crop is grown consecutively for

many year® in the same soil the insects accumulate there and become

most serious.

To rotate with plants that are similar and attacked by the same
insects will not avail much. The plants should be of widely differ-

ent character and any insects that remain are thus starved.

5. Planting Trap Crops.

This is done in two ways. One is to make a very early planting of

the kinds of plants to be set out later, intending to have the insects

infest this trap crop with their eggs and then destroy them. Often

it is desirable to start the trap plants indoors in order to have them
large enough for the insects to attack at once. vSometimes it is de-

sirable to spray the trap crop with kerosene or some other insecti-

cide that will be sure to kill the pests even though the plants are also

injured. Often it ie peesible to gather an early crop from the trap

plants before destroying them. For example, it is recommended to

plant traps of early summer squash to protect the winter varieties

to be planted later.

The other method is to plant some kinds of plants that the insects

prefer to the ones we wish to raise. For example, this year w'e have

completely protected our squash from attacks of flea-beetles bj

planting a few potatoes around among the vines. These insects pre

fer the potato and other Solanaceous plants to the Cucurbitaceous,

and consequently when it was possible went to the former in place

of the latter. In fact, that is why we had to photograph a potato

and bean leaf instead of one from a Cucurbit to show the work of the

flea-beetle. They w^ere serious pests on our squash last year, but this

year none occurred on squash, cucumber or melons, all having pota-

to vine traps. This test has never before been made or published.

6. Hand Picking.

This consists in going over the plants every morning during the

weeks of the greatest abundance of the insects especially during the

mating season, and picking off or brushing the insects into oil and
water. This is especially to be recommended for squash bugs. The
board traps greatly facilitate this means of gathering the pests. It is

the best means of combatting the tomato worm, celery caterjullar and
many other conspicuous insects. Clusters of eggs should likewise

be picked off.

7. Excessive Seeding.

Wis consists in the well-known method of planting in one hill

more seeds than are to be grown, with the expectation that the in-

sects will destroy some. This is a good plan when it is necessary
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but it should not be required as it is better to exterminate the in-

sects. For several insects that are difficult to combat, this practice

is often resorted to.

8. Using Fertilizers.

It is very desirable that all plants have a strong, vigorous growth,

for they are thus able to withstand the attacks of insects better than

can weaklings. Any kind of fertilizer is valuable in overcoming in-

sect attacks because it promotes vigor, but one of the best is a pinch

of nitrate of soda in each hill or at the root of each plant. This pro-

duces the needed rapid growth and also acts as an insecticide. To-

bacco dust is also a valuable fertilizer and insecticide. Its commer-
cial value as a fertilizer is |25.00 per ton.

9. Starting Plants Earlv.

The purpose of this practice is to have them as large as possible

before the insects appear. An attack that will kill a small plant will

but slightly injure a large one. There is an advantage in starting

plants indoors in order to have them large enough to withstand in-

sect attacks when set out, besides the early yield of produce.

10. Late Fall Ploughing.

This practice is valuable to destroy those insects, such as the

Squash-borer, the Striped Cucumber Beetle and perhaps the Spotted

Cucumber Beetle, that pass the winter in. the ground. If they are

turned over and exposed during the winter a great many insects are

killed by ploughing in the fall. Those that pass the winter as pupae

are especially likely to be killed by the breaking up of their pupal

cases or cells.

11. The early Application of all Preventive and Remedial Meas-

ures.

The importance of this can not be too greatly emphasized for all

species of insects, and there are many that can not be successfullj

combatted unless practical measures are taken as soon as they makf
their appearance. Among these are such as the Plant Lice or

Aphids. In June while the vines are small and the Aphids first

migrate to melons, etc., from their food plants of winter and spring,

they can readdly be killed by fumigating the vines or spraying as di-

rected elsewhere in this article; but if this is neglected until the

vines are large and fruit is set it is almost impossible to rid the field

of the pests.

III. INSECTICIDES.

As stated in the early part of this article, insecticides are of two

general kinds, according to the structure of the mouth and the feed-

ing habits of the insect to which they are to be applied. Those

species that chew their food can be killed with internal poisons (A),

if they live where they can be reached; and those that are suctorial

must be killed by contact applications (B).



Fig. 19. The Melon Woi-m (Manjaionia hnnUtiala).
Reproduced from Saunder's "Insects Injurious to
Fruit."

Fig. 20. The Squash Bover (Mdittia ceto). a. Adult Female Moth, natural
size. Photographed from nature, with a vertical camera, b. Full grown
larva, in squash vine, just as it was split open by the writer.







Fig. 21. Leaf of Pumpkin, showing where a kirva entered it at x and
worked downward and into the vine througli the inside of the base of the
leaf-stalk. Larva in tlie vine, at the left, just below the lower shriveled
petiols or leaf stalk at the left. One-fourth natural size.



Fi^. 22. External evidence of the Squash Bcner
beginning its work. Note the finely-ground mater-
ial lexcreta) on the outside of the vine.

Fig. 2:5. Larva in vine which it has nearly cut off. One-eighth
natural size. (Where lines from a and b would cross.)







JPig. 24. Terminal portion of the vine sliowii in 22, growing after
it had been cut off near the original root It continues to grow
because it was covered with earth near the portion shown at the
right and just below the center. It was well-rooted there.
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Fisr. 2.'>. The tlfrbivoroiis Lady Bui;' i Kijilnclnid Ixn-e-

alis). From Comstock"s •' Manual of Eutomology."

Fig. 26. Spotted Cucumber Beetles
(Didbrotica 12-notata). adult Males and
Females. Twice natural size. The two
at the left are males ; at the riofht are fe-

males. Those above show the dorsal
or upper side ; those below, the ventral
or lower side. There are artificial bands,
due to reflection of light.

Fig. 27. The Striped Cu-
cumber Beetle (Diabrvtica
vittata). natural size. The
two above show the dorsal
or upper side, and the two
below show the \entral or
lower side. The two at the
left are males, and the two
at the right are females.







Fisr. 2S. Effects of the Striped Cucumber Bei ties

on young plants. At the center and toward the up-
per right corner of the picture are shown small plants
that are wilting because they are partially cut off

just beneath the ground by these Beetles when the
latter entered it to deposit their eggs.

O "
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Fig. 2'J. Larvae of Striped Cucumber Beetles,
nearly natural size. These were taken from the
ground at the same time and indicate differences
in age in accordance with the differences in size.



Fie. 30. Effects of the T.arv^Ee of the Striped Cucumber Beetle on
older Cucumber Plants. The vine in the fore-ground is wilting with-
out apparent external cause.

Fig. 31. Roots of the Vine shown in Fig. 30, showing that all

of the softer outer substance and most of the rootlets have been
eaten away by Larvte of the Cucumber Beetles.







Fig. :<2. Several Species of Flea Beetles, ten times natural size. Taken
with H micro-photographic camera. In the lefthand column the dorsal side
or back is shown, and in the right column the ventral or untler side is

shown. Note the enlarged thighs of the hind legs, adapted to jumping. The
top picture is a pair of Striped Flea Beetles (SystotaJtlanda), while the
second and smallest pair is the Cucumber Flee Beetle {Crepidodera cu-

cumeris)

.

Fig. 33. The Characteristic Effects of the Flea
Beetles on Young Beans ; one-half natural size.



No. 34. The White-striped Flea-
beetle (SyKtenablanda). Natural size.

The dorsal or upper side is shown by
the upper pair, and the ventral ore
lower side is shown by the lowerj
pair. At the left are males ; at the
right, females.

Fig. 35. The Cucumber Flea Beetle (Grepidodern cucumeris) and
its Effects on Potatoes. Note that all the Flea Beetles prefer
leaves of Potatoes and Beans to those of the Cucurbitaceous
Plants.







Fig. 8'i. Fly Larvie mid Pup;e, of ilift'erent spe-
cies, but sucli us may be found in any part of a Cu-
curbitaceous Plant as soon as it commences to de-
cay. They probably hasten the decay, but are not
the original cause. At the right are eggs, in the
center are larvae, and at the left are pupae.

Fig. 37. Frame on the right, and net over frame on
the left, showing how pliable twigs may be used to
form an inverted basket to hold netting which protects
plants from insects.



Fig. 3"*. Inclined Sticlcs at riglit, and- a similar device covered with
netting at left. The simplest, cheapest, 'quickest, and most satisfactory
means of supporting netting over plants.

Fig. ay. Netting attached to End-Boards, covering Plants as

an inverted box. Also, one End-Board not covered, showing
method of attaching sharpened stake to bold it upi-igbt when
stake is pushed down.
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Fig. 40. Netting Material Lying in loose
Folds over Plants, without support. Note
that with all kinds of Nets the edges must be
carefully covered with fine soil. Common
Mosquito netting is too coarse to keep out
Thrips, Plant Lice, and the various small
Beetles.

Fig. 43. Tarred Board, operated by one person. This is

effective if properly and careful!}' done. After using this ten
minutes, there were over two .hundred insects^on one square
foot of the board.
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Fig. 44. Board Trap, showing effectiveness for Squash Bugs.

Fig. 45. Cucumbers and Beans, growing simultaneously not fif-

teen feet apart. Note that the Beans are seriously injured
by Flea Beetles and the Cucumbers are not attacked. This indi-
cates the value of a few beans, potatoes, and early squash or
pumpkins as trap plants to take insects away from the more desi-
rable crop to be planted later. Compare with'Fig. 33 for the Beans.







Fig. 40. Youug- Cucumber Plants Eaten by Earth worms. At the
farther end of the straw from x were two holes of earthworms with
portions of small Cucumber plants and other vegetation cut off and
sticking in them.

Fig. 47. The Young Fruit of Squash, eaten by Milli-

pedes, Centipedes and Slugs, all of which were alive

upon this at the time it was photographed, but as most
of them were moving they are not plainly shown.
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it should be remembered that most substnnees that kill insects

will also kill plauts if applied in sufficient strength. Fortunately

I here is a safety limit of strength at which insects are killed and

jilauts are uninjured. Our object should be to apply insecticides of

such strength as to have the desired effect on (he pests, but to save

the plants. An insecticide should be applied at the proper time and

for a certain kind of insect, and should be selected in accordance

with the recommendations made for the destruction of the specific

kind of insect under contemplation.

A. Internal Poisons or Stomach Poisons, for Chewing Insects.

1. Paris Green. The poisons that contain arsenic are called Ar-

senites and Arsenates. Paris green is the arsenite of copper and

contains about G9 per cent, of arsenic. It can be applied as either (a)

a powder, or (b) in liquid.

(a) Paris Green as a Powder: This is to be dusted on the plants,

but it should be mixed with some diluting powder in proportion of

one i>art of Paris green to from 20 to 50 parts of the dilutant. On a

small scale, flour is generally used, but air slaked lime, land plaster

and even road dust or wood ashes are good. It will adhere to the

leaves better if applied early in the morning while the dew remains

or just after a shower of rain. v>'hile they are yet damp. It is washed

ort" by a dashing rain and should' be repeated after each rainfall. If

there is no rain it is well to repeat the dusting about once every two

weeks.

For applying dusts or powders a "powder gun" or bellows will

prove useful but not essential. Small hand "puffers" for this pur-

pose are common in stores. A good method is to put the powder into

a thin cloth sack or coffee bag, carry it over the plants to be dusted,

and pound it with sticks. Especial care should be taken to dust it

over the vines of jjlants for the young borers when they first hatch

and commence to eat their way toward the inside of the plant. This

is the only opportunity to kill them without cutting them out or

piercing them with a sharpened wire.

(b) Paris Green in a Liquid: The Cucurbitaceous plants are very

tender and easily injured. Therefore Paris green can not be applied

to them in as strong a mixture as to apple trees, but it must be di-

luted, as for peaches and plums. The formula for vines is:

One pound Paris green to 200 gallons of v/ater, or 4 ounces to 50

gallons. Stir the poison well into the water, then mix with a little

water an amount of air slacked lime equivalent to that of the Paris

green used, and stir the ''milk of lime" into the poisoned water. This

is to prevent burning the tender foilage. It MUST be applied as a

epray and not merely sprinkled on the plants. The work can pro-

88
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perly be doue by any spraying apparatus that will throw a genuine

spray or mist. A knapsack sprayer should be on every farm.

2, London Purple. This is mostly composed of an arsenite of lime,

and contains about forty-two per cent, of arsenic. It is therefore not

as strong as Paris green and is cheaper, A little more of it must be

used in making up mixtures, and the lime should never be omitted.

It is to be applied either as a powder or liquid, just as is Paris green.

In applying nearly all insecticides used with water it should be

remembered that they are not dissolved but are merely held in me-

chanical suspension, and it is therefore a mixture instead of a solu-

tion. The liquid should be well stirred frequently to prevent the

poison settling at the bottom. If it is not stirred often it will settle

at the bottom of the vessel and the last to be used will be much
stronger than the first.

3. Arsenate of Lead. Do not put this into metal vessels or they

will be corroded. Wood or glass can safely be used. Formula:

4 ounces of 50 per cent, arsenate of soda.

11 ounces of acetate of lead.

150 gallons of water.

Dissolve the acetate of lead and arsenate of soda separately, each

in four quarts of water, in wood, glass or earthenware, then stir them
into the remainder of the water in the larger vessel. Apply as a

spray as with other poisons. All such substances should be labelled

and kept out of the reach of children, poultry or live stock, as they

are deadly poisons. If they were not poisonous they w^ould be of

no avail for the purposes to which we propose to put them.

It is safe to spray all plants, even cabbage, with such applications,

but they should be well washed with dashing water before being

eaten or should not be gathered within two weeks from the time of

the last application.

4, Arsenite of Lime. This can be made according to the following

formula:

1 pound white arsenic.

2 pounds quick lime.

1 gallon water.

Boil this mixture forty-five minutes. (It will not injure metal,)

Keep it in a closed vessel, as a jug, properly labelled "Poison,'' and

whenever it is needed use it in proportion of one quart to fifty gallons

of water. It can be kept as long as desired, and will be found quite

effective for all kinds of biting insects. We have not yet had op-

portunity to try this substance, but it is so highly recommended by

those who have tried it that we do not hesitate to endorse it as a

first class insecticide.

5. The Bordeaux Mixture and Paris Green: This has the advant-

ag(j of being both a fungicide for plant diseases and an insecticide
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Tor Ibeir insect pests. It is in common use. Tlie lioi-deaux mix

ture itself without the Taris green is a fungicide rather than an in-

secticide. The former is made as follows:

4 pounds copper <^ulphate (blue vitriol).

4 pounds unslaked lime.

25 gallons of v»'ater ("full strength solution"), or

50 gallons water ('iuilf strength solution").

Do not use metal. Dissolve the copper sulphate in water. Solu-

lion can be hastened by heating. Slake the lime separately in

enough water to make a "cream." Pour the copper solution in(o the

larger vessel of water, and strain the "milk of lime" into it through

a fine sieve or cloth, stirring the liquid into which it is strained.

Whenever lime is to bo used iu any substance to be applied as a

^pray it should first be strained carefully to prevent it clogging the

nozzle.

To complete the mixture as an insecticide use four ounces of

Paris green to every fifty gallons of the Bordeaux mixture as made
according to the formula here given.

This mixture is particularly recommended for Thrips, Flea-beetles,

etc.

B. Contact Applications, for Suctorial Insectt*.

6. Kerosene Mixture with Water. It has recently been determined

that it is not necessary, in combatting most insects, to take the

ti'ouble of making a kerosene emulsion (7), as a mere meclianical mix-

ture of oil and water is sufficient if the kerosene is thrown in a very

fine spray. The mixing is done by the apparatus as it throws the

spray, the kerosene being carried in a vessel separate from the water.

Several devices for this purpose are now on the market, but one of

the best is the Kerowater Knapsack Sprayer. It can be purchased

of most dealers. It can be set to make the mixture of any desired

percentage. For Cucurbits it should not be used above eight per

cent., and five per cent, will generally be found strong enough.

Wherever the insects are not on plants that are to be kept growing
ii can be increased to twenty per cent, and will then prove certain and
speedy death. It is particularly recommended for Squash-bugs.

Even though plants are to be burned after frost, they should first be

well sprayed with a strong mixture to kill the bugs that then col-

lect on thera and would remain over winter to infest the next spring's

crop.

7. Kerosene Emulsion. This is a famous remedy for all kinds of

suctorial insects. Formula:

I pound hard common coni'se laundry soap.

1 gallon water.

2 gallons kerosene.
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Shave the soap fiue and dissolve it in the boiling water. Pour it

into the kerosene (away from fire) while hot, and churn it through a

force pump or sprayer until it becomes a thick creamy mass. It will

keep as long as desired. For use, thoroughly mix one part of this

with nine of water. Apply as a spray, thoroughly, to all parts of the

plants and on both sides of the leaves. It must come into contact

with the bodies of the inisects in order to kill them. It is especially

recommended for plant lice and Squash-bugs, but will kill all kinds

of insects with which it comes into contact. It has the advantage of

the kerosene mixture in the fact that it is not as liable to injure

foliage.

8. Whale-oil Soap. This is made by dissolving two pounds of the

potash whale-oil soap in one gallon of hot w^ater. It is applied either

as a spray or as a wash. As the latter, it can be applied with a brush,

but it is a winter wash, mostly for scale insects, and under no circum-

stances should it be applied to delicate leaves. When Squash-bugs

are not on the living plants they can be killed with this.

9. Carbon Bisulphide. This is explosive with fire. It kills by its

I»oisonous fumes, which are heavy. It is especially used to destroy

insects in stored grain, but can be employed as a fumigant. One
teaspoonful in any kind of a vessel or a clam shell under each of the

lents described as Mechanical Device No, 2, wdll kill everv kind of in-

sect present in less than an hour and will not injure the plant. It

should be sold by retail druggists at tv.'enty-five cents per pound, or

less.

10. Gasolene and Benzine. The fumes of these substances kill in-

sects, but they should be left long enough to insure death, or should

be buried or burned when stupefied. Gasolene is the cheapest sub-

stance that can be quickly used under tents described as Device No.

2. When it is poured on the ground a greater quantity is needed than

when placed in vessels.

11. Calcium Carbide. This is the substance that is used with w^ater

to generate the acetylene gas that is now used for illuminating pur-

poses. We do not know of its previously having been used in this

country as an insecticide, but our experiments demonstrate its value

tor this purpose. For insects infesting the soil, a smooth and shar-

pened stick should be pushed into the ground to as great a depth as

they are found (generally from four to six inches), and a tea-

spoonful of the carbide should be dropped into the hole and the

latter then firmly filled with damp earth packed into it. The carbide

readily absorbs moisture from the earth and generates gas which

permeates the earth and kills all kinds of insects found therein, as

does carbon bisulphide. We have killed most of the larvre and pup?e

of beetles around cucumber roots by four or five holes around each

hill.
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For all kiuds of insects on plants above ground, use the paper tents

described as "Mechanical Device No. 2," and put under each about a

teaspoouful of carbide, either on damp soil or in water, and leave it

for an hour. \'egetation is not injured.

12. Tobacco. This is a good insecticide for certain species when
used either as a fine dust or in a decoction. It will not injure the

plants, and will act as a valuable fertilizer. It should come into

contact with insects above ground, as thej' will not eat it.

For insects feeding beneath the surface of the soil nothing is better

than tobacco stems or dust placed around the plant and stirred into

the soil. Thej' do not eat it, but can not avoid coming into contact

with it. The stems can be procured at little or no cost from cigar fac-

tories. Stems are as useful as any part of the tobacco plant in

making a tea or decoction. This should be applied as a spray.

13. Sulphur. This is often applied as a powder, but is too expen-

sive for general application on a large scale. It is not necessary to

use the pure "flower of sulphur, or powder form, but it may be mixed

with several times its bulk of some kind of dust, as directed for Paris

green, although the proportion of the dilutant must be only about

one-third as great.

14. Land Plaster. This is recommended more as a repellaut than

as a remedy. It is also a fertilizer. It is applied by sprinkling it on

the plants or sowing it broadcast over the field. When it is sown with

the wind it drives certain species of insects to plants and weeds to the

leeward. It is more eti'ective as a repellant if some turpentine or

kerosene be mixed with it.

15. Air-slaked Lime. This is used as in Land Plaster (No. 14), and

is even more effective. The Cucumber Beetle, especially, is driven be-

fore it, and can be kept away from the plants by its frequent use. Of

course, a repellant only drives insects away, and does not kill them.

This means that they become more abundant upon the plants to

which they are thus driven, but it sometimes a good plan to drive

them to one side of the field and there spray with some killing insec-

ticide, according to that recommended for the species in question.

OTHER INVERTEBRATE ANIMALS INJURING CUCURBITA-
CEOUS PLANTS.

Besides the insects discussed in the preceding text, we have found

two species of slugs (Limax), two of Centipedes and one of Millipede,

iLJuring the fruits of cucurbitaceous plants by eating into them.
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They are especially bad when the weather is very damp aud the fruits

lie in shaded spot®. (See Fig. 47). The young squash shown in Fig.

47 was attacked by all of those pests, which were present upon it at

the time it was photoprnphod, but ns they wore crawling they are not

plainly shown.

The remedy is either a spray of I'aris green u])un the fruite, or

better, a layer of wood ashes or other light dusty material on the

ground around the hill and under the fruits. The latter can be re-

garded as a specific against these pests.

We have found some of our young plants cut off and pulled into

holes by earthworms. It is a sure indication of their work to find

the vegetation drawn into small, round and smooth holea (Fig. 46.)

They can be killed by salt water poured into the holes.
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MODERN DAIRY SCIENCE AND PRACTICE.

By L. L. Van Slyke, Ph.D., Geneva, TV. )'.

INTRODUCTION.

Daiijing has for its objects the production of milk and the manu-

facture of various food products from milk. Dairying may, there-

fore, be divided into two fairly distinct departments: Dairying (1)

as a branch of agriculture, and (2) as a manufacturing industry.

Considered as the source of milk production, dairying is a branch

of agriculture; for the producer of milk tills the soil, raises food

crops for the cattle, rears dairy animals, and obtains milk as his fin-

ished product. He is a manufacturer, employing agricultural meth-

ods. Considered as a source of cream, butter, cheese, etc., dairying

is a manufacturing industry. The maker of butter and cheese starts

with milk as his raw material and employs methods that are es-

sentially industrial and in no way connected with agriculture proper.

While these two departments of dairying have in the past been

carried on largely side by side on the farm, the modern tendency

has been toward a more complete separation. Attention is here

called to these two divisions of dairying, because it is the writer's

purpose in this treatise to dwell almost entirely upon the second

division. To attempt to cover the field of dairying in its broadest

sense would practical!}' involve consideration of a large portion of

the broad domain of agriculture.

Dairying is both an art and a science, whether considered in its

restricted or broad sense.

The art or practice of dairying embraces certain practices and
processes which have been gradually developed by experience and
observation. The art of dairying, in its widest application, teaches

how to cultivate the soil for the production of certain crops; how
to make and use fertilizers; how to breed, feed and care for dairy

animals for the production of milk; how to produce cream, butter,

cheese, etc., from milk.

The science of dairying embraces a collection of the general prin-

ciples or leading truths, arranged in systematic order, relating to the

operations of dairying. Thus, among other things, the science of

dairying explains the growth of animals, the relation of foods to

milk production, the chemical composition and physical properties

of milk and its products. It consists of an application of the truths

of such sciences as physiology, chemistry, physics, botany, etc., to

the practical operations of dairying.
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JJaiijiug has uudeigoue luauy prolouud changes duiiug the last

geueration, aud more paiticularlj during the last iifteeii years.

This is true of both the agricultural aud the manufacturing phases

of dairying, ^\'e can fully realize this by «)o(iciug the changes iu

its very language. Even teu years ago few dairymen would have

been able to use intelligently, if at all, many of the expressions that

are very common now, such as bacteria, lactic acid fermentation,

pasteurization, sterilization, separator cream, ripened cream, fat

basis for paying dividends, ripeniog tests, etc., etc. With all the

advance in knowledge and the improvement in practice that we have

witnessed iu recent times, there are still many unsolved problems in

dairying; but we do well to be impressed with the great things which

have already been accomplished and to appreciate the advantageous

position we are now in for making further progress, compared with

the position we were in only fifteen years ago.

These changes for the better have been brought about through the

combination of a variety of educational agencies, among v^hich may
be mentioned our agricultural experiment stations, dairy schools.

State Departments of Agriculture, farmers' institutes, the agricul-

tural press, farmers' clubs, etc.

Our dairy products, as a result of improved methods of producing

milk and of improvement i« manufacturing processes, are greatly

superior on the average to those we made half a generation ago.

The consuming public has, to some extent, become more choice in

its tastes and exacting in its demands; in other words, the present

standards required for dairy products are higher than they were.

The object of this little treatise is to present, with a moderate

degree of fullness, some of the results of these recent years of pro-

gress, so as to give the reader some idea of what conistitutes '^Modern

Dairv Science and Practice."

CHAPTER I.

THE CHEMISTRY OF MILK.

1. General Composition of Milk.

In milk, as well as iu most of its commercial products, we find

the following compounds and classes of compounds:

(1) Water.

(2) Fat.

(3) Nitrogen compounds or proteids.

(4) Sugar.

(5) Salts or asb.

(6) Gafiea.
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In giving (lie description of any iudividnal chemical compound in

couneclioii with tlie chemistry of milk, we shall not need to repeat

tiie description when we come to consider that compound in con-

nection with the products of milk; for, it will be found, the descrip-

tion given here will apply to the same compound wherever we find

it. The word milk, as we shall use it, refers always to cows' milk,

unless otlierwise stated.

2. Water.

1. Chemistry.—The water present in milk and its products, how-

ever much its presence may be disguised, is one and the same com-

pound of hydrogen and oxygen, with which we are everywhere fa-

miliar. The water in milk and its products is simply plain, common
water, possessing no chemical peculiarities to distinguish it from

water found anywhere else. It is only ordinary water in the com-

pany of other chemical individuals.

(2.) Purpose.-—The water in milk serves the purpose of holding in

solution the soluble constituents of the milk. It also acts as a

diluect, better fitting the mixture as animal nutriment.

(3.) Amount of Water in Milk.—The amount of water contained

in milk varies considerably, depending upon a variety of conditions,

such as individuality, breed, stage of lactation, age, character of

food, amount of water dru«k, condition of health, etc.

(a.) Single Milkings.—Taking single milkings of individual cows,

vve maj find the amount of water in 100 pounds of milk varying from

82 to 00 pounds or more, corresponding to 10 to 18 pounds of total

solids.

(b.) Lactation Period of Single Cows.—In case of milk from single

cows for an entire period of lactation, the variation of water may
range from 84 to 89 pounds, corresponding to 11 to 16 pounds of

total solids.

(c.) Herds.—Taking milk from herds of cows, the variations of

water are within narrower limits, usually ranging from 86 to 88

pounds in 100 pounds of milk, corresponding to 12 to 14 pounds of

total solids.

r?i the case of average milk, as found in the United States^ 100

pounds of milk contain from 87 to 87 l-Jf- pounds of ivater, correspond-

ing to 12 3-Jf, to 13 pounds of solids.

(d.) Breed.—As regards the influence of breed of cow upon the

proportion of water in milk, the following figures, taken from the

Geneva (N, Y.) Station records, serve as a fair illustration:
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Tile proportions of these constituents of milk-fat vary somewhat
and this variation influences the character of the milk-fat.

(2.) Melting Points of Constituents of Milk-Fat.—In order to under-

stand more fully some of the properties of milk-fat. we will briefly

notice some of the jnore important properties of the abore-mentio«ed

compounds.

Palmitin has a rather high melting point, 144 degrees F.

Myristin melts at 129 degrees F.

Olein and butyrin are liquid at ordinary temperatures. Olein has

the important property of being able to dissolve and hold in solu-

tion the less easily melting palmitin and myristin, above certain

temperatures.

Palmitin and myristin tend to produce hardness in butter; olein

and butyrin, softness.

(3.) Glycerin is present, chemically combined with acids, in all

fats. It forms, on an average, about 12..5 per cent, of pure milk-fat

or butter-fat.

(4.) Physical Properties of Milk-Fat.—Milk-fat, in pure, fresh con-

dition, appears at ordinary temperatures as a soft, white to yellowish

mass, with mild taste and very slight odor. It easily takes on a

granular structure. It melts easily and is lighter than water.

Our knowledge of the color of milk-fat is very limited. Whether
the color is a property of some one of the compounds of milk-fat,

or whether it belongs to &ome special substance, mechanically held

by the milk-fat, we can not say positively, but the latter supposi-

tion is probablj' nearer the truth. It is well established that the

color of milk-fat varies with individual cases, with breeds, with ad-

vance of lactation and with the food.

(5.) Milk-Fat m Form of Globules.—Milk-fat is present in milk in

the form of very small, transparent globules, too small to be seen

by the unaided eye. The sizes most commonly met with are be

tween 1-2500 and 1-15000 of an inch in diameter, and the average

diameter is not far from 1-10000 of an inch. Some globules are as

large as 1-1500 of an inch and some as small as 1-40000 of an inch.

The smaller fat-globules are more numerous than the larger ones.

In one drop of average milk there are about 150,000,000 fat globules.

Formerly it was very generally believed, and is still held by some,

that fat-globules of milk are surrounded by a membranous covering.

In some respects, fat globules behave as if they were enclosed in

a membrane. The theory also has been advanced that the fat-

globules are surrounded by a semi-solid membrane of slime. With-

out going into details to state the reasons, we may accept it as es-

tablished beyond reasonable doubt that fat-globules have no special

covering, but are simply minute particles of fat floating free in
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milk iu the form of an emulsion. There is no difference in the com-

position of the fat in the hirge and small {.^lobulea

(6.) Amount of Fat in Milk.—The amount of fat present in normal

milk varies greatly, going, m the case of single milkings of individual

LOWS, below 2 per cent, and above 10 per cent. The average of fat

in the milk of herds of cows varies commonly between the limits of

3 and 5 per cent. The average amount of milk-fat in milk produced

in the United States, taking the true average for an entire year,

lies between 3.75 and 4 per cent., and somewhat nearer the latter

figure.

Maiiy of the conditions that affect the amount of fat iu milk have

been studied and are w-ell established, w'hile others are but little

understood. We will consider briefly some of the better-known con-

ditions.

(a.) Individuality.—It is uncommon to find iu a herd of cows au_>

two individuals whose milk contains the same per cent, of fat,

whether we consider individual milkings or the average of many
milkings. This is simply one of many factors that go to make a

cow's individuality.

(h.) Breed.—It is v>ell known that the per cent, of fat in milk

varies in a more or less characteristic way with the kind of breed.

While there is marked variation in indivduals of the same breed,

there is found to be a fairly uniform difference, more or less marked,

if we take the average of several individuals. It is largel}^ owing

lO this influence that we find the milk of one country differing from

that of another, or the milk of one section of a country dift'ering

from that of another section. For example, the average per cent,

of fat in milk in Germany and Holland is fully one-half per cesat.

lower than in this country, because the prevailing breeds of cows

there are the oiies producing milk comparatively low in fat. The

figures given in the following table are taken from the records of

the Geneva (N. Y.) Station and represent averages of several indi-

viduals covering several periods of lactation:

Holsteln
Ayrshire,
American-Holderness
Short-Horn
Devon
Guernsey
Jersey,

,
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(c.) Age.—So far as published dafa throw light upon the question

of the inlluenee of age upon Ihe amount of fat in milk, the more

conjuiou tendency appears to be for milk to become less rich in fat

with each succeeding period of lactation, especially after the second,

though individual exceptions to this tendency are not infre(]uen(.

We need more extended data bearing upon this point before we < .ni

speak with any degree of positiveness.

(d.) Advance of Lactation Period.—In general, it is found that

the per cent, of fat in milk increases as the stage of lactation ad-

vances. The following figures represeut the averages obtained from

ao aggregate of nearly fifty lactation periods of diffeienl cows, cov-

ering a period of ten months:

Number of Month of Lactation.

First, ..

Second,
Third, .

Fourth,
Fifth, ..

Sixth. .

Seventh,
Eighth,
Ninth, .

Tenth, .

4.54
4.33
4.28
4.39
4.38
4.63
4.56
4.6(!

4 7P

5. Of'

(e.) Variation of Time Between Milkings.—As a rule, the longer

the time between two successive milkings, the smaller is the per

cent, of fat in the milk, and the shorter the time between milkings,

the greater the per cent, of fat. When the time between milkings

is uniformly equal, the variation of fat in milk is small, provided the

general conditions surrounding the cow are the same. However,

as there is not commonly such entirel}' uniform condition of sur-

roundings during the day and night, there is probably a common
tendency in the direction of a little more fat in the morning's milk.

(f.) Relation of Yield of Milk to Fat.—Large yields of milk are

usually, though not necessarily, accompanied by lower percentages

of milkfat, while smaller yields are more commonly associated with

larger percentages of fat.

(g.) Influence of Food Upon Amount of Fat in Milk.—This ques-

tion has been the subject of investigation for 3'ears, but we are

not yet able to say that we can "feed fat into milk," under ordinary,

normal, practicable conditions. It has been noticed by several in-

vestigators that a very marked change in the general character
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of food, as from au insufficient amount of dry hay to an abundance

of nutritious, succulent food, is accompanied by an increase in the

percewtage of fat inluilk, as well as in the yield of milk.

The writer has noticed (hat, in the case of milk taken to cheese

factories, the fat increased very noticeably and generally during

the latter half of May, as compared with the preceding portion of the

month. In these cases, the cows were commonly fed on timothy

hay, without grain, utitil pasturage came. There was thus a very

marked change in the character of the food. However, we cannot

deny that the more favorable surroundings of the cows at pasture,

as compared with the cows kept in the stable or yard, exerted an

influence that should not be overlooked. Taking the milk of quite

a large number of different cheese factories we found, on an aver-

age, during the first half of May, the per cent, of fat was 3.46, aud

during the latter half 3.70, an increase of 0.24 per cent, in a brief

space of time.

(h.) Variation of Fat in Different Portions of Milk Drawn from

Udder.—In the case of the figures given below, the udder was milked

as nearly as possible in four equal portions.

It
o

g-

a
u

u

o ^

First portion,
Seccmd portion,
Third portion.
Fourth portion,

0.90
2.60
5.35

9.80

1.60
3.20
4.10
8.10

1.60
3.25
5.00
8.30

It is seen that in every case the first fourth of the milk drawn

from the udder is very low in fat, a«id that the fat increases in

successive portions drawn, until in the last it is extremely high.

The most satisfactory explanation offered for this behavior of fat

in. milking is that the fat-globules strike against the sides of the

minute ducts, through which they flow, and the friction thus caused

holds the globules back, the milk that remains in the ducts becom

ing increasingly richer in fat in consequence.

4. The Nitrogen Compounds or Proteids of Milk.

(1.) Number of Proteids in Milk.—So far as our present knowledge

goes, we appear to be justified in believing- that milk contains not

more than four nitrogen compounds or proteid bodies, and these are:
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Caseiii,

Albuiiiiii,

Globulin,

Galaetase.

Globulin aud galaetase are pieseiiL iu so small quanliiies liiat we

can regard casein and albumin as being essentially the nitrogen

compounds ol milk. These bodies are called nitrogen compounds,

because they contain, in addition to other elements, the very im-

portant element called nitrogen. These nitrogen compounds of milk

or milk proteids can be formed only from proteids received by the

co»v in the food.

{2.) Milk-Casein.^—This is the most important proteid in milk,

because it is the one present in largest quantity and also because its

presence makes it possible to convert milk into cheese. Milk-casein

is most familiar to us in (he form of the white, solid substance,

or curd formed in milk when it sours, though, strictly speaking, this

while substance is not milk-casein but a compound formed by it

with acid,

(a.j Casein in Milk Xot in Solution,—For a long time it was

thought that casein was in true solution in milk; but evidence, pro-

duced by different lines of investigation, show beyond question that

casein exists in milk iu the form of minute, solid, gelatinous partlcies*

in suspension. Casein forms a considerable part of separator slime.

(b.j Composition of Casein.—Casein is a very complex chemical

compound, containing the elements of carbon, hydrogen, oxygen, ni-

trogen, sulphur and phosjjhorus. Ii is believed that calcium (or

limej compounds are in some way combined with casein.

(c.j Action of Acids on Casein.—Very dilute acids completely co-

agulate or solidify the casein of milk. In this action the acid forms

a compound with casein. If a large amount of acid is added to milk,

the casein is first coagulated and then dissolved, as in the case of

adding sulphuric acid to milk in the Babcock test bottles. The ac-

tion of acids in coagulating milk-casein is hastened by increase of

temperature,

(d.) Action of Alkalies on Casein.—Such forapounds as caustic

soda and x^otash, ammonia, sodium and i>otassium carbonate, unite

with casein and form compounds that are easilj' soluble in water.

Thev also dissolve the casein that has been coagulated. Some of

these compounds are found in commerce as food preijarations. Nu-

trose is a food pifjjaration that consists mostly of sodium casein.

Ii'.) Action (jf Other Compounds on Milk Casein.—Certain chemi-

cal conjpounds, when added to milk in large quantities, coagulate

casein, such as common salt, magnesium sulphate (Epsom salt),

ammonium sulphate, etc. Other compounds, added in smaller quan-

tities, coagulate casein, such as alum, zioc sulphate, corrosive sub

limate, formalin, etc.
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[L) Actiou of Heat on Casein.—Heat alone under oidinarj- coodi-

Lions, even at boiling point, doe&knot coagulate casein in milk. The
loimation of a peculiar skin on the surface of milk heated above

140 degrees F., is largely due to the casein of the milk, and not to

albumin, as was formerly supposed. The skin itself contains practi-

cally all the constituents of milk and is a kind of evaporated milk.

(g.j Action of Kennet on Milk-Casein.—One of the most charac-

teristic properties of milk-casein is its coagulation by rennet, this

property making it possible to manufacture cheese from milk. The
curd formed by action of rennet is a compound different from casein

and is called paracasein. The coagulation of casein by rennet i*

quite different from that produced by acids. In connection with the

subject of cheese-making, we will consider in detail the properties

of rennet and the conditions that affect its power to coagulate with

milk-casein.

1,3.) Milk-Albumiu.—Milk-albumin differs from milk-casein in many
ways, the most important of which we will briefly notice. First,

milk-albumi'ii is not acted on by rennet; second, it is not coagulated

by acids at ordinary temperatures; third, it is coagulated by heat

alone, though not completely, above IGO degrees F. From these

characteristic differences, it can readily be seen that casein and al-

bumin are very different compounds.

(4.) Galactase in milk was discovered by Dis. liabcock and Russell

about five years ago. It is present in very small amounts. It has

the power of acting upon milk-casein, first changing it into a solid

and lihen dissolving it. It is believed to be active in cheese ripening.

(5.) Amount of Casein and Albumin in Milk.—In general, the

amount of casein and albumin, taken together, are found in milk in

(juantiries ranging from 2.50 to 6 per cent.; the average is about
i.2 per cent. There is about 3.5 times as much casein as there is

albumin.

(a.) Cafi'ein.—Casein in milk varies from 2 to 4 per cent., and
averages 2.50 per cent.

(b.) Albumin.—Albumin in milk varies from 0.50 to 0.90 per cent.,

and averages 0.70 per cent.

(('.) Influence of Lactation on Casein and Albumin.—There is a
vitry general te^idency for casein and albumin to increase in milk
as the period of lactation advances, and somewhat more rapidly

in proportion than the milk-fat.

5. Milk Sugar.

-Milk-siigar is present in cows' milk in solution. In general com
position it resembles our ordinary sugar, but its sweetness is very

much less than that of cane sugar, and it is also less readily soluble

34
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in water. It is present io milk in amounts varjing from 4.5 to 5.5

per cent., and averaging 5 per cenj:. Its importance in dairy manu-
facture, especially in connection with butter and cheese, comes from
the readiness with which it is converted into lactic acid by various

organisms. This action will be studied in detail in the next chapter.

6. The Salts of Milk (or Ash).

The salts of milk, also called the mineral matter, or ash, are im-

portant constituents, though they are present in only small quan-

tities, varying from 0.50 to 0.90 per cent., and averaging about 0.70

per cent., as expressed by the ash. The elements which go to make
up the salts of milk, stated in the order of their abundance, are the

following: Phosphorus, potassium, calcium, chlorine, sodium, mag-
nesium, sulphur and iron. The calcium is probably present in the

form of calcium phosphates; the sodium, as sodium chloride; the

potassium, as potassium phosphate, chloride and citrate.

7. The Gases of Milk.

Milk contains more or less oxygen and nitrogen, some portions of

these gases being carried into it mechanically from the air in the pro-

cess of milking. It contains also carbon dioxide wheci freshly drawn,

probably between 3 and 4 per cent., a portion of which escapes at once

while being milked under usual conditions.

We have now seen, in some detail, how many and what different

compounds are contained in milk. There are certain arbitrary divi-

sions of these compounds made for the sake of convenience. One

such division makes two classes of the compounds of milk—(1) water

and (2) solids, or milk-solids, or total solids, these including fat,

casein, albumin, milk-sugar and salts, or ash, of milk. Another divi-

sion is on the basis of the milk-fat, into (1) fat and (2) milk-serum,

this including all the milk except the fat, that is, water, casein, albu-

min, milk-sugar and ash. Separator skim-milk is nearly pure milk

serum. Then, again, the milk-solids themselves are divided into (1)

fat and (2) solids-not-fat, the solids-not-fat including the milk serum

less the water.

Analvses of Milk.
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CHAl'TEK II.

CONTAMINATION OF MILK.

Milk, on standing, undergoes a variety of changes sooner or later,

many of which spoil it lor use as food. The most common and

extensive changes occurring in milk are due to fermentations. One

result of some fermentations is the production of bad llavors, but

these may be acquired also either by direct absorption from the

surrounding air or from the food consumed. To these different

sources of contamination we will now give some detailed attention.

8. What is Fermeutation?

The meaning of fermentation can best be made clear by illustra-

tion. When a fruit juice, like sweet cider, is allowed to stand at

ordinary temperature, it soon begins to undergo change©, large

quantities of bubbles of carbon dioxide gas come from the surface

of the liquid, and some alcohol is formed. In this case, the sugar

of the apple juice is changed into alcohol and carbon dioxide. If

this cider, containing alcohol, is allowed to stand long enough at

ordinary tem^jeratures, the alcohol disappears, being changed into

acetic acid and, we then have what we commonly call cider vinegar.

The process resulting in the change of the sugar in the cider into

alcohol and carbon dioxide is called a fermentation; and that re-

sulting in the change of alcohol ioto acetic acid or vinegar is alsc

a fermentation.

When milk is freshly drawn, it is sweet, but, on standing a while

at ordinary temperature, it becomes sour. The change taking place

is the formation of lactic acid from milk sugar, and it is caused hj

certain germs. The souring of milk is another case of a fermenta-

tion.

That which causes fermentation is called a ferment. As there

are many different kinds of fermentation, so there are many different

kinds of ferments. In the production of alcohol and carbon dioxide

from (lie sugar in cider, the ferment is yeast; in the fermentatioi

of vinegar from alcohol, certain kiiids of bacteria are the ferment

in the conversion of milk sugar into lactic acid, certain other bat

teria constitute the ferment.

Ferniep.ts possess certain general characteristics in common, among
which may be mentioned the following: (a) A very small amount of
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ferment is capable of producing very great chaoges. (b) They are

all dependent upon temperature as a condition of activity. They

cease to act at low and also at high temperatures. Most of them
find the temperature best suited to their greatest activity between

80 and 100 degrees F. (c.) Ferments are destroyed by heat,

the temperature of boiling water in most cases completely destroying

their power to act. Their activity is checked by low temperatures,

but, when again warmed, they reuev/ their activity, (d.) The pro-

ducts which ferments form, when accumulating m certain amounts,

usually stop further action, (e.) All ferments are closely connected

with life processes.

I). Two General Glasses of Ferments.

The different bodies that are capable of causing fermentations

may be divided into two general classes (1) organized ferments, and

(2) unorganized ferments.

(1.) Organized Ferments are living organisms capable of produc-

ing fermentations. Those of greatest interest found in milk and its

products are called bacteria. Bacteria are the smallest conceivable

forms of plant life. Each individual consists of a single cell, aver-

aging in diameter one-thirty thousandth of an inch. They appear

in three general varieties of form : Ball (coccus), short rod (bacillus),

and cork-screw (spirillum). They multiply i^i number or reproduce

by simjjle division; that is, when a cell grows in size, it increases

more in one direction, so as to lengthen out slightly, and a partition

forms across the cell, thus producing two new cells in place of the

old one; and then each of these subdivides again and so on continu-

ously. Some kinds of bacteria form spores in the cells; these are to

bacteria what seeds are to higher plants. Spores are not so easily

killed by heat as are bacteria. Some bacteria have power of motion.

Under favorable conditions, their rapidity of growth is remarkable.

In some cases, one cell divides into two cells in twentv minutes;

if this raie were kept up for twenty-four hours, the one cell would

multiply into several millions. Bacteria require as food for satis-

factory growth compounds containing nitrogen, carbon, hydrogen,

and, in addition, small amounts of inorganic or mineral matter.

Che sugar, casein and albumiH io li^ilk and its products furnish a

supply of food very readily utilized by bacteria. As already stated,

bacteria are affected by temperature. The bacteria commonly pres-

ent in milk grow^ between the limits of 40 and 110 degrees F., the

most favorable temperatures being between 80 and 95 degrees F.

Many bacteria are killed between 130 and 140 degrees F.. when ex-

posed to this degree of heat for ten minutes, and most are destroyed

at 185 degrees F. Many spores are killed at temperatures con-



No. 6. DEPARTMENT OF AGRICULTURE. 6C5

fciderably above 212 degrees F., and eveu then require one

to three hours. Dry heat is less effective than moist heat.

Live steam, therefore, affords a most efficient means of de-

stroying bacteria. All bacteria are rendered inactive by low

temperatures and some may be killed by intense cold. Many
bacteria may retain life even on being dried and become active

again when placed under favorable conditions of moisture and
temperature. Su«light kills many bacteria when they are exposed

directly to the sun's rays for a few hours. Bacteria are either

checked in growth or killed by many chemical compounds. Those

compounds that simply retard the rapidity of growth of bacteria

are called antiseptics; those that destroy bacterial life are called

disinfectants. Bacterial activity is stopped by an accumulation of

the products formed by it and, in some cases, by the products of

the activity of other bacteria. In the course of their growth, bac-

teria produce great changes in the materials in which they grow,

and the processes by which these changes are brought* about are

known, as previously stated, under the geoeral name of fermenta-

tions. Bacteria are found distributed nearly everywhere in the soil,

in the air and in water. They are always present in large numbers
wherever vegetable or animal matter is undergoing decay. They
are, therefore, always closely associated with dirt and filth. While
some are the cause of dreaded diseases, most of them are either

harmless or actively helpful in many ways.

(2.) Unorganized FGrme4its or Enzymes are chemical substances

or ferments, vvithout life, capable of causing marked changes in

many complex organic compounds, the enzymes themselves under-

going little or no change. Many enzymes are produced directly by
bacteria, while many are formed in higher plants and in animals.

The pepsin found in the. human stomach is an enzyme; its special

activity enables it to change proteid compounds from insoluble to

soluble forms. The ptyalin contained in saliva is another enzyme,
and is capable of changing starch into sugar. Babcock and Ku^sell

discovered in milk, a few years ago, an enzyme called galactasc

which has the power of coagulating and then dissolving milk-caseittv

Another enzyme of interest in dairying is rennet, a small amount o^

which can coagulate many thousand times its own weight of milk

Enzymes are destroyed by high temperatures a«d by many disinfect-

ants. Some substances, like ether and chloroform, do not seriously

interfere with the activity of enzymes, while tliey do destroy bac-

terial activity.

10. Sources of Bacteria in Milk.

Milk, when drawn with careful precautions from the udder of a

cow. contains comparatively few bacteria; but milk obtained and
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handled under ordinary conditions, is found to cocktain large num
bers, often several hundred thousand in one cubic centimeter (some-

what less than owe-quartei- of an ordinary teaspoonful). The more

dirt there is in milk, the more bacteria there will be. Bacteria and

dirt always go together in dairy matters. The bacteria found in

milk come from the following sources:

(1) Dairy Utensils. Primarily the milk-pails, strainers and milk-

cans. The cracks and joints of all utensils made of tin, unless great

care in cleaning is used, contain dirt that holds large numbers

of bacteria. Rust and imperfect soldering of joints furnish places

for dirt to get out of easy reach. Without prompt and extreme care,

strainers easily become filthy and are then simply breeding places

for bacteria. When milk cans are used for carrying back to the

farm from the cheese factory or creamery whey or skim-milk, the

cans often are not cleaned promptly, and, when finally attended to,

are not treated with proper thoroughness. Through the medium of

a dirty skim-milk tank or whey-vat, filth germs of one form may
be distributed throughout the whole neighborhood. Even epidemics

of typhoid fever have been traced to this source of infection.

(2.) Udder Cavity.—The milk first drawn usually contains more

bacteria than that drawn later. The end of the teat furnishes a

good place for bacteria to grow, and some are able, sooner or later,

to penetrate upward through the milk duct into the milk cistern

and grow there to some extent. The first streams of milk drawn
serve to wash out the lower portion of the milk cistern and the

duct, and thus carry down bacteria in larger numbers than appear

^ater.

(3.) Bodies of Cows.—The hair on cows favors the accumulation

of dirt and dust. The condition is worse in proportion as cows are

not regularly and thoroughly cleaned. Dust particles and hairs,

'aden wath bacteria, are in position to drop into the milk pail. While

the hairs and coarse chunks of dirt may be removed from milk by

straining, the bacteria are, in large part, washed off into the milk and

cannot be removed by any ordinary process of straining.

(4.) Milkers.—The hands and clothing of a milker may easily be

loaded with bacteria and thus become a source of infection. Par-

ticularly objectionable is the filthy practice of some milkers of moist-

ening the hands with milk.

(5.) Air of Stable.—A dirty condition of the floors, walls and ceil-

ings of a stable all tend to contaminate milk. Any condition in

the stable that affords a supply of floating dust at the time of milk-

ing furnishes additional bacteria for milk.
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11. Sources of Contamiiiatiou besides Bacteria.

While many of the undesirable flavors of milk are due directly to

the result of bacterial action, milk may acquire taints that are not

dependent on a bacterial origin. Milk, as it comes from a cow,

possesses a peculiar "cowy" odor, due to direct absorption of vola-

tile substances within the aoimal. This odor usually disappears

quickly, when milk is exposed to the air; but it becomes abnormal

in quality and persistence when a cow eats such things as leeks,

turni[)s, cabbage, rag-weed, etc., a few hours before milking. If

milk is not drawn for eight to twelve hours after such food is eaten,

such taints either disappear or are greatly diminished. The same

experience in milder form may come from the use of some green

fodders, such as rape and green rye, and from the feeding of exces-

sive quantities of swill, brewers' grains and distillery slops.

If milk, after being drawn, is exposed to contact with strong odors,

such as those coming from manure or other decaying organic matter,

or even from ensilage, it readily absorbs them. Milk, whether warm
or cold, possesses a very striking power for absorbing and holding

volatile odorous substances.

12. Kinds of Bacteria in Milk.

Many different kinds of bacteria have been found in milk. Some
appear to be very generally present, others only rarely. Many of

them have little or no appreciable effect upon milk or upon human
beings; while some furnish products that are distinctly beneficial,

others produce only injurious effects in milk, imparting to it bad
flavors or unpleasant appearance, and, in some cases, even causing

the formatiors of violent poison. It is also possible that the bacteria

causing dread diseases may be found in milk in some instances.

We present below the chief classes or types of bacteria that give

rise to the fermentations most commonly occurring in milk.

(1.) Lactic Acid Fermentation or Souring of Milk.—The souring

of milk is due to the formation of lactic acid, which is produced by
the action of lactic acid bacteria upon the sugar in the milk. In

this form of fermentation, one can begin to taste the acid when
it amounts to about 0.3 per cent, of the milk. As the amount of

acid increases to 0.4 per cent., the milk begins to curdle or thicken,

and, as the amount of acid increases above this, the curd becomes
more solid. These bacteria continue actively converting milk sugar
into lactic acid until the acid reaches 0.8 to 1 per cent, of the

milk, and then they cease their activity, because they cannot live

in a solution containing this amount of acid. Their activity is

stopped by the accumulation of the product of their own activity
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and not because the sui)ply of railk-sngar rung out, for, when they

cease their activity, about three-quarters of the milk sugar still

remains uuconsumed. There are several different kinds of bac-

teria tliat can convert milk sugar into lactic acid. The tempera-

ture most favorable to the growth of lactic acid organisms in 90

degrees F. to 95 degrees F. Below 80 degrees F. they gradually

lose their activity and practically cease at 50 degrees F. At 105

degrees F. the}' are fairly inactive, many are killed at 135 degrees

F. to 140 degrees F., and at 150 degrees F. to IGO degrees F. all are

killed. While this fermentation spoils milk for the taste of most

people, it is a very essential factor in the manufacture of butter

and cheese, as will be seen later. It is quite commonly thought that

milk is peculiarly liable to sour during thunder storms, as the

result of some peculiar electrical or other influence. The hot

weather preceding such storms favors the more rapid growth of the

lactic acid germs, and this is the proper explanation. Wi\k free

from such germs never sours during thunder storms.

Some of the bacteria that act upon milk-sugar form large quan-

ities of gases, especially carbon dioxide and hydrogen, and these

gases are responsible in cheese-making for "floating'' curds and

"huffing" cheese.

(2.) Fermentations Affecting Milk-Casein.—Occasionally milk-

curdles without souring. This is caused by the action or rennet-like

enzymes or ferments which certain bacteria produce. The samj
bacteria usually produce a second enzyme, which dissolves the coagu-

lated casein. Some bacteria form only the dissolving or digesting

enzyme, in which case the caseio is slowly rendered soluble without

previous coagulation. The bacteria that affect casein do not grow
in the presence of lactic acid, and as the lactic acid bacteria usually

develop more rapidly, they soon stop the growth of the former.

In the absence of lactic acid bacteria, the digesting organisms are

apt to grow. There are other forms of fermentation that act upon
milk-casein and result in the production of substances having ex-

tremely offensive odors and disagreeable taste. In some cases

poisonous products are formed, as, for example, tyrotoxicon, com-

monly known as cheese poison.

(3.) Butyric Acid, or "Rancid" Fermentations.—Some organisms
act upon milk-fat op butter-fat, forming free butyric acid, thus pro-

ducing the odor and taste of "rancid" butter. These bacteria grow
slowly under ordinary conditions and do not commonly become ac-

tive in milk, unless kept a long time, but they find their way into

buiter and, under favorable conditions, develop there to the dis-

advantage of the flavor of the butter.
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(4.) Les8 Gomiiiuu Foiins ol Feimentation in Milk.—The kinds of

bacteria described above are found commonly occurring in milk,

but there are others which appear only occasionally, and some of

these will now be briefly considered.

Most dairymen sometimes have milk that fails to sour or curdle,

but after a few hours begins to be slimy and finally can be drawn
out in long threads. This condition more commonly appears in

cream. The trouble may be due to diseased udder, in which case

it is apparent at once when the milk is drawn. The form which

does not appear at once after milking is due to bacteria. Other

abnormal forms of fermentation in milk result in producing alcohol,

bitter milk, soapy flavor, fishy flavor, red, blue and other colors.

(5.) Disease Germs in Milk.—Milk furnishes a medium in which

many disease germs can readily develop. Some disease-producing

bacteria are capable of being transmitted directly from a diseased

cow to a human being through the milk. It is quite generally be-

lieved that if milk is taken from a cow suffering with tuberculosis

in the udder, it will be fairly sure to contain tuberculosis germs;

and such milk taken into a human body may produce tuberculosis.

Other disease-producing bacteria may get into the milk after it is

drawn, having nothing whatever to do with the cow. Such are

germs causing typhoid fever, scarlet fever, diphtheria and diarrhoeal

diseases, such as cholera infantum. Such disease germs may get

into milk from a case of illness on the premises where the cows are

milked, through the carelessness and ignorance of the members
of the household.

CHAPTER III.

PREPARATION OF MILK FOR MARKET.

In the preceding chapter we have seen that bacteria of different

kinds get into the milk in various ways and, under conditions favor-

able to their activity, cause fermentations that may result in rend-

ering milk totally unfit for sale. Therefore, the chief aim to be

kept in mind in preparing milk directly for market is practically

this, how to keep under control the growth of bacteria to such an
extent that injurious fermentations shall not take place to any
marked degree. Three general methods are in use for securing con-

trol of fermentations in milk: (1) Keeping bacteria from getting

into milk, (2) preventing growth of bacteria already in milk, and (3)

destroying bacteria already in milk. We will now consider these

methods separately.
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13. Keeping Bacteria from Gettiug into Milk.

We have previously seen that the common sources which are re-

sponsible for furnishing the bacteria that are found in milk are (1)

the air of the stable, (2) the body of the cow, (3) the person of

the milker, and (i) the dairy utensils with which the milk comes

into contact. We have also seen that the one common source of

bacteria in all these cases is dirt. Hence, the one thing needful to

prevent bacteria gettiug into milk is extreme cleanliness at every

point of contact with the milk. The following suggestions are given

to indicate what is meant by cleanliness in connection with milking

and caring for milk.

(1.) The Stable.—Every condition about the stable should be regu-

lated with reference to absence of dirt, an abundant supply of pure

air, and a direct exposure to sunlight. The floors should be tight

and of a material not readily absorbing liquids. An abundance of

clean bedding should be used, and the manure should be removed

more frequently than once a day, and, in any case, not immediately

before milking. The walls and ceiling should be swept often enough

to prevent the accumulation of dust. Once a year, at least, it is

wise to clean the whole stable with extreme care and then go over

the whole with a generous coat of whitewash. At such a time, the

stable should be thoroughly disinfected, if there have been any con-

tagious diseases in the stable. The surroundings outside of the

stable should be kept in a clean condition, so as not to interfere

with the supply of pure air.

(2.) The Body of the Cow.—Too much pains cannot be taken to

keep the cows clean. In addition to regular currying and brushing

all over, the udder and adjacent portions of the body should be

carefully brushed before milking and also wiped with a damp, clean

cloth. The udder should also be wiped after milking.

(3.) The Milker should wash hi© hands carefully before milking

and have them perfectly dry while milking. It is also desirable to

have a special coat or jacket for milking, made of some material that

will not catch or hold dust easily.

(4.) The Dairy Utensils.—All utensils that come in contact with

the milk, such as milk-pails, milk-cans, aerators, etc., should be

made of metal, preferably of pressed tin, with smooth, well-flushed

joints and perfect seams. They should be kept entirely free from

rust. Such vessels should never be allowed to dry when dirty, as

dried particles of milk are particularly difficult to remove. In clean-

ing dairy utensils, rinse them first with lukewarm water and then

wash them thoroughly in hot water, using soap or washing soda.

Then rinse them with hot water and complete the cleansing, if

possible, by exposing to a jet of live steam for three to five minutes.
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When practicable, expose them finally to direct sunlight for a few

hours. Strainers should be washed iramediatelv after using, clean-

ing first in tepid water, following with hot water and soap and finally

W'ith hot w^ater and steaming or boiling.

(5.) Time of Feeding.—Foods having marked odors should be fed

only after milking and then at once, and none should be left in the

stable. Dry fodders, which furnish dust, should likewise be fed after

milking.

(6.) Diseased Milk.—The milk of diseased animals should not be

used nor that of animals fresh in milk before the ninth milking.

(7.) Contagious Diseases.—Xo person suffering from, or recovering

f!*om. a contagious disease, nor any person that has anything to do

in caring for such a person should be allowed to have any contact

with the dairv.

(8.) Kemoval from Stable and Subsequent Treatment.—As soon as

each cow^ is milked, the milk should be removed from the stable to

some room free from all bad odors and with cleanly surroundings.

The milk should be at once strained through a brass-wire strainer,

having not less than fifty meshes to the inch, and also through three

or four thicknesses of cheese-cloth. Still more effective results in

straining can be secured by the use of absorbent cotton, though its

expense makes its use impracticable under ordinary conditions.

After ettraining, cool to 50 degrees F.. or below.

By observing precautions like these, it is easilj' possible to reduce

the number of bacteria in the milk to such an extent that the milk

will keep eighteen to twenty-four hours longer than ordinary milk.

Precautions like the foregoing for keeping bacteria out of milk are

practicable, where one owns a herd of cows and has all conditions

under personal control; but it is another matter when it comes
to making some one else observe them. So, when milk is not under

one's control, the next best thing is to prevent the growth of the

bacteria already in the milk, and this may be done by use of low

temperature in keeping the milk or by heating the milk first and
then cooling. One method prevents or delays the grow^th of bac-

teria without destroying the germs themselves, w^hile the other de-

stroys most of the bacteria.

14. Preventing or Delaying Growth of Bacteria in Milk.

Whether precautions have been taken or not to keep large numbers
of bacteria from getting into milk, it is necessary, as soon as milk

is drawn, to cool it quickly, and the lower the temperature, the

better. At temperatures below^ 50 degrees F., the rapidity of growth
of the bacteria is greatly lessened. In connection with the cooling
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of milk, it is well, at the same time, to aerate it, in order to remove
the natural ''jniimar' odor or any other odor that mav have been

absorbed hy the milk after milking. There are several special forms
of aeratoi's in the market (see Figs. 1 and 2) that serve for both cool

FiR. 1. Pig. 2. Cliampioa cooler aud aei-atoi'.

ing and aerating the milk at the same time. The main points to

be considered in selecting an aerator or a combined aerator and

cooler, are simplicity of construction, ease of management, effective-

ness in cooling and aerating aud convenience in keeping clean.

Aeration must always take place in an atmosphere as free as possible

from bacteria; otherwise the process will only increase the number.

The use of low temperatures in keeping milk gives the best results

onlv with the milk that is most free from bacteria.

15. Destroying Bacteria in Milk.

In the case of milk that contains large numbers of germs, the

most effective way to keep the milk from souring and from the devel-

opment of other forms of fermentation is to destroy the bacteria.

This may be best accomplished by heating the milk. While it is

possible to add to milk chemicals that will destroy bacteria without

affecting the composition or taste of the milk, the use of preserva-

tives is very generally condemned for this purpose on the ground

that they may injuriously affect the health of people using milk
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thus treated. The use of preservatives, such as salicylic acid, bor-

acic acid, formalin, etc., for the purpose of keeijing milk is not to

be recommended. In employing heat to kill bacteria, tv^^o general

methods have been used, known as pasteurizing and sterilizing.

(1.) Pasteurizing Milk.—In pasteuriziiig milk for market, it is

heated to 140 degrees F., and held at that temperature for twenty or

thirty minutes. Formerly, higher temperatures were used, but it

was found that milk, heated above 15G degrees F. acquired a "cooked"

taste and that the cream did not readily rise, ^^'hile the lower tem-

perature does not destroy all germs, it destroys most of them and

greatly improves the keeping power of milk. To secure best results

in pasteurizing, it is desirable to use milk as fresh as possible. Milk

containing U.2 per cent of lactic acid does not give good results. The
fewer bacteria milk contains before pasteurizing, the better will

be the results of pasteurization. It is also very essential m pasteur-

izing that the heated milk should be cooled down at once to 50 de-

grees F., or lower. It should also be stored in germ-free bottles

or other vessels and kept cold until it is delivered to the customers.

When used by children, pasteurized milk should be consumed within

twenty-four hours after treatment. If pasteurization is properly

carried out, the milk should remain sweet, even at ordinary tempera-

tures, one and one-half to two days lo«ger than ordiuarj^ milk not

so treated.

There are on the market several forms ol machines for pasteurizing

milk. The best machine should possess the following qualifications:

(a) Compact form, (b) ease of keeping clean, (c) complete control of

temperature, (d) ability to heat milk quickly, completely and uni-

formly, (e) freedom from liability of additional germs getting into

the milk during the operation of pasteurizing.

The pasteurization of milk has the following advantages: (a) It

increases the keeping quality of milk, (b) It destroys disease-germs,

especially those of tuberculosis, (c) The taste and digestibility of

milk are not changed, (d) The process is practicable on a large

or small scale.

(2.) Sterilizing Milk.—In order to render milk absolutely free from

all bacteria and their spores, it is necessary to heat milk above

212 degrees F. for an hour on each of three successive days, thus

giving all spores a chance to develop into active forms, which are

then more readily killed. Simple boiling is effective in destroying

practically all living disease-germs. Sterilized milk is objectionable

for several reasons: (a) It has the characteristic taste of "cooked"

milk, which is unpleasant to most people. If people had only steri-

lized milk to drink, very much less would be used. (b) Sterilized

milk appears to be less digestible, especially in the case of children

and invalids.
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CHAPTEK IV.

CiiBAM.

If). Composition of Cream.

Cream is the fluid product, rich in milk-fat, obtained by removing

milk-fat from milk in any manner, along with some portions of other

milk constiUietits. Cream contains the same constituents as milk,

but in very ditferent relative proportions. Cream contains much
more fat than does milk, but less of the other constituents. Cream
varies greatly in its fat content, ranging all the way up from 10 per

cent, or less. Market cream often contains less than 15 per cent,

of fat, but good cream for domestic use, at the prices commonly
charged, should cootain 20 to 25 per cent, of fat. The amount of

fat in cream depends upon a variety of conditions, but chiefly the

method employed in removing the cream from the milk. For illus-

tration, we give the composition of several different samples of cream

in the following table:

Per cent, of water.
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bj meaus of ceutiifugal force. Hence, we have in use two general

methods of cream separation, (1) the gravity system, and (2) the

centrifugal or- separator sj'stem.

18. Gravity Method of Cream Separation.

The gravity method of cream separation has been used in two dif-

ferent forms, one kiiown as the ''shallow-pan" system and the other

as the ''deep-setting" system.

(1.) Cream Raising by Shallow-Pan System.—This is the oldest

method employed in separating cream from milk. It is still em-

ployed in many small dairies. To obtain the best results with this

method, the milk should be placed in the pans at once after milking

and should be cooled to 00 degrees F. within a reasonably short

time, and should then remain quiet at about that temperature for

thirty-sis hours or more. The dej^th of milk in the pao may be

from two to four inches, \yhen cold running water can be used to

surround the pans ,the depth may be from four to six inches. Ordi-

narily a cool, clean cellar, well ventilated, furnishes good condi-

tions. Any place where the milk can be exposed to bad odors or to

dust should be avoided. There are some serious objections to this

method of creaming, among which may be mentioned (a) exposure

of a large surface of milk to air for a long time, thus giving unusual

opportunity for bacteria to get into the milk; (b) a temperature

permitting the rapid increase of bacteria by growth; (c) incomplete

separation of fat-globules from the milk serum; (d) wasteful loss

of cream in skimming; (e) drying out of cream, making it liable

to go into butter in dried chunks and injure the texture. (f) The
amount of acid io the cream is apt to become too great, thus injuring

the flavor of the butter. It has been found that skim-milk obta-'ned

by the shallow-pan system of creaming seldoTu contains less than
0.5 per cent, of fat, while the average of actual practice is much
higher, amounting to about one-fifth of the entire fat present in the
milk.

(2.) Cream Raising by Deep-Setting System.—This method has
been in use between thirty asid forty years, probably reaching its

most extensive use ten years ago. It was found that by using long
pails or cans, not more than a foot in diameter, and placing these,

filled with fresh milk, in a tank; of water kept at 40 degrees F., the
cream would separate more completely and in much less time than
it w-ould when raised in shallow pa«s, twelve to twenty-four hours
being suflficieut for the separation. This system is capable of re-

ducing the loss of fat in skim-milk to 0.2 per cent., when the most
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favorable conditions are present. This method also has the advant-

age of greatly diminishing the amount of exposiue to air, thus pre-

venting additional bacteria getting into the milk from the air dnr

iug the creaming process. Owing to the low temperature employed,

the growth of bacteria in the milk is greatly retarded. To use this

system satisfactorily, ice is necessary. The cream raised by the

deep-setting method is not very rich, usually- containing between 15

and 20 per cent, of fat.

In the gravity method of cream-raising, the rapidity and complete-

ness of separation of cream are dependent upon several different

factors, among which may be mentioned (a) the size of the fat-glo

bules, (b) the amount of solids in the milk-serum (the solids-not-fat),

and (c) the relative proportions of the dilTerent solids in the serum.

The larger fat-globules separate from the milk more quickly than

the smaller ones do. The size of fat-globules varies with individual

cows, with breeds, with advance of the period of lactation, and

with other conditions. The fat-globules in the milk of cows fresh

in milk are larger than later in the lactation period, decreasing m
size as the cow is farther from the beginning of her period of lac-

tation. The solids-not-fat in milk, that is, the casein, albumin, sugar

and mineral salts cause milk to have the property of what is called

viscosity; by this is meant the power of adhering to other solid

tilings. The presence of these solids in milk gives milk the power

of adhering to fat-globules, thus offering resistance to their tend

enc}' to rise or move in any direction. Now, the greater the amount

of these solids-not-fat iu milk, the more opposition do the fat-globules

have to overcome in rising, and the more slowly and incompletely

does such milk cream. It is w^ell known that, as a cow gets farther

along in her lactation period, the casein and albumin increase more

rapidly than do other constituents and they greatly increase this

viscosity of the milk. Hence, with advance of lactation, we have

two different factors increasing all the time in the milk that inter-

fere with the raising of the cream, viz: decrease in size of fat-globules

and increase of viscosity. This explains why the gravity method

of creaming gives less satisfactory results when a cow is far along

in milk than when she is fresh. To overcome these adverse condi-

tions, various expedients have been tried, the most common being

dilution of the milk by water, both warm and cold. The advantages

secured in this way are doubtful and the disadvantages accompany-

ing such a practice are considerable.

19. Separation of Cream by Centrifugal Force.

It is not our purpose to discuss the details of the mechanism of

centrifugal machines or to describe the different varieties in the

market. We intend simply to make a few statements in regard to
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the general pi-inciples applying to their use and the results secured.

There are on the market many dill'erent forms of these machines,

aod between many of them there is very little choice in respect to

their relative efficiency. If any one, not vi^ell informed about sepa-

rators, plans to purchase one, it is suggested that it would be de-

sirable to correspond with the Experiment Station at State College

and obtain authoritative advice in regard to the qualities of different

machines rather than to rely wholly upon the persuasive statements

of agents who are ambitious to sell machines.

All centrifugals designed for separating cream from milk are

based upon the same general principle. The milk enters a rapidly

whirling bowl and at once partakes of the centrifugal motion, being

thrown by the centrifugal force to the extreme wall of the bowl.

As the milk continues to flow in, the bowl fills from the outside

toward the center. The centrifugal force acts more strongly upon

the heavier portion of the milk, that is, the milk serum or all the

milk except the fat. Hence, the milk-serum is forced to the outside

wall of the bowl, while the lighter portion of the milk, the fat with

some adhering serum, is forced to the center. Tubes connect with

the skim-milk laver at the outer wall and with the cream laver at

the center of the bowl to carry away these products as they accu-

mulate. The outer walls of the separator bowl gradually become
covered with some of the solid, heavier constituents of the milk,

including solid dirt present in the milk, forming what is known as

"separator slime," the composition of which we will notice later.

(1.) Conditions Affecting Creamiog Efficiency of Separators.—The
efficiency with which separators remove cream from milk depends

upon several different conditions, some of which we will briefly con-

sider.

(a.) The intensity of centrifugal force affects the efficiency of a

separator. This increases as the diameter of the bowl increases

and also when the bowl whirls rapidly. So, the larger the bowl, and

the greater the speed of the bowl, the greater is the centrifugal force

and also the creaming efficiencv.

fb.) The rate at which the milk flows into the separator bowl af-

fects the creaming efficiency. The more slowly the milk flows in, the

longer it is under the action of the centrifugal force and the more
completely is the fat removed from the milk.

(c.) The temperature of the milk when run through the separator

affects the creaming efficiency. The warmer the milk, the more
easily the fat separates. The temperature commonly employed is

from 76 to 98 degrees F. In producing cream for butter-mak-

ing, the milk should be separated at as low a temperature as

possible without diminishing the creaming efficiency, because heating

37—6—1902
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I he lot-globules above a moderate temperature tends to i)roduce but-

ter of soft texture.

(2.) Regulating Richness of Cream.—The richness of cream pro

duced bv a separator is regulated by the rate at which the milk flows

into the bowl and by the rapidity with which the bowl revolves. The

more rapid the inflow of milk or the slower the speed of the bowl, the

larger the quantity of cream and the poorer in fat. Most machines

are provided with special arrangements for regulating the richness

of cream without changing the rate of inflow or rapidity of motion.

(3.) Creaming Eflficiency of. Separators.—A good centrifugal sepa-

rator should not leave more than one-tenth of one per cent. (0.1 per

cent.) of fat in the skim-milk, when it is run under proper conditions.

(4.) Promptness in Separating Milk.—Milk should be separated

as sooo as practicable after milking, and the cream should be cooled

down to 50 degrees F., or below.

(5.) Advantages of Creaming by Centrifugal Machines.—Among the

advantages that may be mentioned in favor of employing centrifugal

machines in separating cream from milk are the following:

(a.) There is a great saving of fat. Gravity systems of creaming

leave, on an average, 0.5 per cent, of fat or more io the skim-milk,

while good separators properly handled should not leave more than

0.1 per cent. In a large number of comparative experiments made
by the writer, where milk from different breeds of cows was creamed

both by the deep-setting gravity system and by centrifugal machine.

it was found that the separator effected a saving of fat amounting

to twenty-four to sixty-five pounds a year foi' each cow. In the form

of butter, at twenty cents a pound, this saving for each cow would be

equivalent to $5.00 to |15.00 a year.

(b.) In the case of cream separation by the gravity system, the

composition of the cream is not under satisfactory control, and will

vary, even under the most uniform conditions of creaming, 5 per

cent, of fat or more. Ooe can never be sure in advance of what the

fat content of gravitv-raised cream will be. In the case of cream

separated by a centrifugal machine, one can so regulate the condi-

tions as to produce cream with just the desired amount of fat in it.

It is thus easy to produce a product that is uniform in composition,

since the conditions aie under easy control. In the case of produc-

ing cream for sale as such, it is very important that the product shall

be uniform from day to da^-.

(c.) Separator cream is more free from dirt and bacteria and will

keep longer than will gravity cream. Most of the dirt in milk in

the form of solid particles is completely removed by the centrifugal

separator, as the appearance of the separator slime abundantly

testifies.
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(d.) The sivim-milk produced by separator creaming is sweeter

and more free from bacteria and dirt than that produced by gravity

creaming. Separator skim-milk is, therefore, better for feeding pur-

poses.

20. Artificial Thickening of Pasteurized Cream.

Wheo cream is prepared to sell for immediate consumption as

cream, its keeping power can be very greatly increased by pasteur-

izing at 140 degree F., without affecting its taste. However, some
of the physical properties of the cream are so changed by pasteur-

izing that it appears thinner after pasteurization, though containing

the same amount of fat. Pasteurized cream, therefore, gives the im-

pression of being poorer in fat, and is much more difficult to make
whipped cream from. Babcock and Kussell have devised a simple,

etl'ective and absolutely harmless method of restoring the proper

consistency or body, to pasteurized cream. This consists in the

addition of a small amount of "viscogen," which is an entirely harm-

less compound made from lime-water and ordinary granulated sugar.

Viscogen is prepared as follows: Take two and one-half parts, by
weight, of granulated sugar and dissolve in five parts of water. To
this add some lime-water prepared thus: To one part of quick-lime

add three parts of water, stir thoroughly until the lime is completely

slaked, strain and this liquid, which is simply lime-water, is added

to the solution of cane sugar. The mixture of lime-water atid cane

sugar is shaken or stirred at intervals for two or three hours, after

which it is allowed to stand until settled. Then the cleared liquid

is poured off and stored in tightly-stoppered bottles ready for use.

Of this liquid, thus prepared, add one ounce to three gallons of cream
and stir thoroughly. Sometimes a little more is needed. As many
States have stringent laws against the ftddition of any kind of foreign

substance to milk or cream, cream to which viscogen has been added
should not be sold as simple cream, but as a special preparation of

cream. Moreover, customers should be given the choice of buying
cream with or without viscogen, as some people have a prejudice

against additions of any kind to their dairy food products. How-
ever, the use of viscogen is just as harmless to health as the use of

so much common salt.

21. Profits Derived from Selling Cream.

There is no form under which milk can be sold at so great a net

profit as in the form of cream. The labor involved and the cost

of preparation are much less than in the case of making butter or

cheese. The skim-milk may all be kept on the farm, while in the

35
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ease of milk-selling and cheese-making there is none. At the market

rates commonly prevailing for dairy products, the price received for

cream is higher, relative to its cost of production, than is the price

of an equivalent amount of milk, butter or cheese. Ao investiga-

tion made by the writer some years ago indicated that the net profit

from selling cream is nearly three times that from butter, nearly four

times that from selling milk and about seven times that from selling

cheese. While the demand for cream is limited, it has been steadily

increasing. Any dairyman, so circumstanced that he can dispose of

his milk in the form of cream directly to customers, should make ao

efifort to develop this form of trade.

22. Composition of Skim-Milk.

Skim-milk is the product, containing water and milk-solids that

remains when any portion of fat normally present is removed from

milk in the form of cream by any means whatever. It is essentially

milk-serum with some mdlk-fat in it. Skim-milk varies io composi-

tion according to the composition of the milk before skimming, and

according to the method of creaming.

(1.) Difference in Composition of Gravity and Separator Skim-Milk.

—Separator skim-milk differs in composition from gravity skira-

milk chiefly in the amount of fat present. The following figures

serve as a good illustration to show the difference in such composi-

tion:
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wish to bring out. We will assume that each of the milks repre-

sented is creamed by a separator and that all of the fat but one-

tenth of one per ce«t. is removed:

j
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Skim-milk is also a valuable food for liiiiuan beings, both in the

form of a beverage and in eooking. It should be used much more

extensively than it is. Unfortunately, dishonest milk dealers have

tried fraudulentlv to isell skim-milk as whole milk, so that the sale

of skim-milk has to be atte^ided with annoying restrictions.

Skim-milk is also used in considerabh? quantities in the manufac-

ture of collage-cheese.

Tlie casein of skim-milk is used for a variety of ijurjjoses, among
which may be mentioned, its use as sizing or dressing in the manu-

facture of paper as a substitute for celluloid, and as a constituent

of plastics for a great variety of purposes.

24. Composition of Separator-Slime.

The separator-slime, which collects on the walls inside the sepa-

rator-bowl, consists largely of milk-casein, in which are collected all

kinds of solid impurities contained in the milk, such as dust, fine par-

ticles of hay, ground grain, dung, cow^ hairs, etc. It is heavily loaded

with bacteria. The chemical composition of separator-slime is about

as follows:

Per cent.

Water, 67.0

Fat, 1.0

Casein, 26.0

Milk-sugar 2.0

Ash, 4.0

On an average, 2,500 pounds of milk produce one pound of separator

slime. The amount increases with the amount of dirt present i«i the

milk.

CHAPTER V.

BUTTER-MAKING.

In taking up the subject of butter-making, we assume that we
have the cream to start with. The question is sometimes asked
why it is necessary to remove cream from milk for butter-making,

why not churn the milk itself? Experiments in churning milk

have never succeeded in removing the fat from the milk at all com-

pletely and the method results in large losses of fat with conse-

quent decrease in yield of butter.
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In the case of cream that has been separated by a centrifugal

machine, it is important to cool the cream to 50 degrees F. or below,

without delay, and to hold it at this temperature for six or eight

hours. This cooling appears to be important, in order to obtain

butter with sufticiently firm texture. In general, it may be said that

we shall be most successful in making butter having the best texture,

when the milk and cream are subjected to the fewest changes of

temperature and when the changes of temperature that are needed

are made in the most gradual, uniform manner.

After having the cream in the condition indicated above, we per-

form the following different operations in making butter:

(1.) Ripening the cream.

(2.) Churoing.

(3.) Washing and working.

(4.) Salting.

(5.) Packing.

After considering the composition of butter, we will take up,

in their proper order, the different operations required for making

butter.

25. Composition of Butter.

The composition of butter varies considerably, according to the

methods and conditions of manufacture. The principal variations

are in the fat and water. The following tabulated statement serves

to give an idea of the usual limits of variation in composition of

American butters, but there are extreme cases lying outside the

limits here given:
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acid bacteria. VVtieu butter is made in the old way, tlie cream is

allowed to stand until it ripens spontaneously, no attempt being

made to control the process. As the result of the fermentations

that occur in the ripening process, many complex changes take place

in cream, the details of which are not fully understood. The most

obvious results brought about by cream-ripening may be included

under three general heads; (1) The formation of lactic acid, (2) the

development of products that have charactertistic odors, and (3) the

formation of substances that yield a characteristic taste on the

tongue. To what extent these effects are produced by si)ecial organ-

isms, we have little detailed knowledge, aside from the work of lactic

acid bacteria in producing lactic acid. The real sources of the flavors

of ripened cream we do not know specifically, nor do we know what
these specific compounds are that give rise to the flavors. The
amount of lactic acid formed is used as a measure of the extent

or degree of cream-ripening, but other forms of fermentation are

known to be present at the same time, at least during the early

portion of the ripening process. Butter may be made from cream

that has not been ripened at all, that is, from sweet cream, or it

may be made with the help of artificial acid added to cream, but in

neither case do we make a product that is in flavor like butter made
from ripened cream.

27. How Lactic Acid is Produced in Cream Ripening.

In order to have the lactic acid fermentation of cream ripening,

lactic acid bacteria must be present in the cream and the cream
must be kept at a temperature favorable to their growth. We may
leave the cream to receive the bacteria by chance, or we may intro-

duce them into the cream purposely. In the old-style method of

butter-making, the former method is employed. We have already

seen (section 12, p. 567), that milk nearly always contains lactic acid

bacteria. During the operation of creaming, these bacteria usually

develop to sucli an extent that, when the cream is exposed to higher

temperatures, fermentation proceeds rapidly. However, under such

circumstances, the rate of fermentation is not uniform in different

lots of cream; at one time more lactic acid is formed, and at another

less, during a given time, because the number of bacteria will in-

evitably vary greath^ when their introduction is left to chance.

The formation of lactic acid can be controlled in respect to time

and quantity, when we introduce the lactic acid bacteria purposely

in sufficient quantities. Material, containing large numbers of lactic

acid organisms, which is used to add to milk or cream for the purpose

of causing lactic acid fermentation, is known as a '^starter." There

are two varieties or sources of starters, (1) natural, and (2) pure

cultures.
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(1.) Natural Starters.—Among the materials used as natural start-

ers in butter-making are buttermilk and cream from previous op-

erations ot butter-makitig, and whole milk or skim-milk soured under

special conditions. While there are different ways of preparing

natural home-made starters, the following method may be suggested

as one that will give good results, if properly carried out: Milk is

taken from a cow in perfect health, not too far along in lactation,

and kept under proper conditions of cleanliness. The udder and
under parts of the cow's body are brushed and then wiped with

a damp cloth, after which the cow is milked into a carefully cleaned

vessel, the first few streams of milk from the udder being thrown
away. The milk thus drawn is at once covered, taken to the dairy

and run through the separator. This skim-milk, put into a care-

fully cleaned receptacle, is carefully covered, brought to a tempera-

ture of 90 degrees F., after which it is placed where it will keep at

a temperature of 65 degrees F. to 70 degrees F. In twenty to twenty-,

four hours, the skim-milk will be found properly ripened or just

moderately thickened. In using this prepr.red starter for ripening

cream, the upper portico to the deptii of one or two inches is re-

moved and thrown away, the rest is strair.ed through a fine strainer

or hair seive into the cream, which should be at 70 degrees F., in

the proportion of two pounds of starter for 100 pounds of cream.

The starter should be thoroughly stirred into the cream, the cream
vat covered and kept at a temperature of 65 degrees F. to 70 degrees

F. Usually twenty-four hours will develop the proper amount
of acid for churning. When the cream is properly ripened, it should

just form a soft curd, not a hard curd. In case of over-ripening,

when the curd becomes too hard, there is danger that some of this

coagulated casein will get into the butter and injure its quality and
appearance. Some of this prepared starter, described above, may
be used in preparing a starter for the day following, putting a little

into skim-milk that has been heated to 180 degrees F. for thirty

minutes and then cooled down io 70 degrees F., and the starter

may thus be propagated from day to day; but this method of propa-

gating must not be continued too long, as the starter gradually be-

comes inoculated with undesirable forms of bacteria and sooner or

later is unfit for use. These natural starters may be used in either

pasteurized or unpasteurized cream.

(2.) Pure-Culture Starters are special preparations consisting of

certain specific selected organisms, known to be adapted to the

work of cream ripening. There are on the market several difi:erent

preparations for ripening cream, consisting of special cultures. 'Such

commercial artificial ferments give the best results, when used in

pasteurized cream. The chief advantage found by experience to
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come from the use of these pure culture starters is uniformity in

character of the butter produced and better keeping quality. Full

directions for methods of use always accompany these special start-

ers and we do not need to consider them here.

28. Amount of Acid Needed for Cream Ripening.

The ripening of cream was, for a long time, the most ditlicult

step of butter-making to control, and the specially difificult point

in this operation was to determine the amount of acid that should

be present before churning. The appearance, odor and taste of the

cream are guides, to some extent, as to the amount of acid formed,

but they are far from reliable for accurate, uniform work. It is

very important that the same amount of acid shall be developed from

day to day in order to secure butter of uniform quality'. When
cream is ripened so as to show a test of five-tenths to six-tenths of

one per cent, of lactic acid, it produces a higher flavored butter

than that produced by cream ripened to four-tenths of one per cent,

of acid. When cream contains more than sixty-five hundredths of

one per cent, of acid, the flavor of the butter is too strong. More-

over, in such cases, the particles of coa'gulated casein become very

hard and form white specks in the butter. Such butter acquires

bad flavors quickly. The whey should never separate from the curd

in cream ripening. We now have an inexpensive, simple method for

determining the amount of acid in cream, and, while the method is

not strictly accurate, it is sufficiently close for all practical purposes

in cream ripening. For careful work in butter-making, this method

of determining the amount of acid in cream should always be used.

The method is fully described in section 90, p. 653, Chapter XI.

29. Effects Produced by Cream Kipening.

The effects of cream ripening are seen in several different ways,

among which we will notice the more important.

(1.) Improved Flavor of Butter.—In order to secure butter with the

kind of flavor required by the average consumer, it appears to be

necessary to ripen cream. This is probably the most important and

far-reaching effect of ripening cream. The importance of flavor in

butter is easilv obvious, when we consider that flavor more than

any other factor determines the market price of butter. Poor cream

ripening means poor flavor and low price for butter.

(2.) Ease of Churning.—It has been found true, especially in cream

raised by the gravity system, that cream churns more readily when
ripened. This is probably due to the influence of acid upon casein.
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(3.) Increased Yield of Butter,—In ripened cream, churning ap-

])ears to remove the fat more completely from the cream, especially in

the case of gravity-raised cream, and, consequently, the yield of

butter is greater.

(4.) Better Keeping Quality of Butter.—It is quite generally be-

lieved that the keeping quality of butter is better when made from

properly ripened cream than from cream improperly ripened.

(5.) Greater Uniformity in Quality of Butter.—It is undoubtedly

true that only by the use of properly ripened cream is it possible

to produce butter that is uniform in quality from day to day. This

is a matter of the first importance to butter makers, because the

same customers want the same kind of butter, when they once get

the kind that suits them.

30. Mixing Cream of Different Ages.

It often happens that when the amount of cream produced in

a day is small, that the cream each day is set aside and additions

of new cream made from day to day, until enough has been accumu-

lated for churning. There results a mixture of cream varying in

degrees of ripeness. The different portions vary in the length of

time in which they will chum, one portion requiring less churning

than another. The result is that churning is stopped before all the

fat has been removed from the cream and much fat is lost in the

buttermilk. The flavor of butter made from such cream can hardly

be as uniform as that made from cream uniformly ripened. If dif-

ferent creams, varying in degree of ripeness, are to be churned

together, it is essential that they should be mixed together, at least

twelve hours before churning; then the degree of acidity will be

uniform throughout the entire mass of cream.

31. Pasteurizing Cream for Butter-Making.

In pasteurizing cream for butter-making, less care is required

than when cream is pasteurized for direct consumption. The cooked

taste occurring in cream when heated above 156 degrees F. is absent

from butter made from such cream, even when cream has been

heated at high as 185 degrees F. High heating of cream, however,

acts injuriously upon the texture of the butter. In using pasteur-

ized cream for butter-making, the heated cream should be quickly

and completely cooled after pasteurization, and the ripened cream

should be chilled to 48 degrees F. for about two hours before churn-

ing. Treatment in this manner overcomes the tendency of any in-

jury occurring to the grain or texture of the hutter.
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32. Eichucss of Cream for Butter-Making.

How rich in fat should cream be made for butter-makiug? By the

gravity method of creaming, we obtain cream containing 15 to 20

per cent, of fat, and by the separator we produce cream of any fat

content desired. Good results in every respect may be obtained

by the use of cream varying greatly in fat content. The tendency

has been to use rather rich cream containing 35 to 40 per cent, of

fat, in which case a lower temperature is used in churning, usually

with loss of less fat in buttermilk. In order to ripen rich cream

in the same length of time as poorer cream, somewhat more starter

needs to be used, as the richer cream ripens more slowly than poorer

cream under the same conditions.

33. Conditions Affecting Churning.

Churning is the term applied to the process by which the fat-

globules of milk or cream are made to unite into visible aggrega-

tions, and to separate from the milk-serum or buttermilk. This

massing together of fat-golbules is usually produced by the vigorous

agitation of cream in vessels especially constructed for the pur-

pose, called churns. When milk or cream is agitated at a tempera-

ture somewhat below 85 degrees F., the average melting-point of

milk-fat, the fat-globules gradually attach themselves together,

each of the small masses first formed continuing to increase in size

by uniting with others, until finally the whole of the fat, thus sepa-

rated, can be collected in one mass. The readiness with which fat-

globules separate from cream in churning is influenced by several

conditions, among which we may mention, as the most important,

(1) the composition and size of the fat-globules, (2) the composition

of the milk-serum, (3) the degree of ripeness of the cream, (4) the tem-

perature used in churning, and (5) the kind of agitation or churn.

(1.) Composition and Size of Fat-Globules.—The readiness of fat-

globules to separate from milk-serum and unite in visible masses

during the process of churning, is influenced by the composition and

size of the fat-globules. As pointed out in section 3, p. 13, milk-fat

varies in its composition, and this variation in composition afifeets

the hardness or softness of the fat. This quality is influenced by the

character of the cow's food. Thus, succulent feeds and feeds rich

in starch and sugar make the fat softer. Cottonseed-meal makes
the fat harder. Now, it is known that the fat-globules unite more

easily in churning when they are composed of softer fat. and less

readily when they have larger proportions of hard fat.

In respect to the influence of the size of fat-globules upon ease of

<hurning, the larger the fat-globules the more easily and quickly
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they unite. Owing to their size, the larger oues come iuto contact

more quicl^ly and more often than do the smaller ones.

(2.) Composition of Milk-Serum.—The albumin, casein and milk-

sugar contained iu milk or cream tend to keep the fat-globules from

coming together easily. The larger the amounts of these consti-

tuents, the less readily will the fat-globules come together. This is

one of the reasons why churning is ofteo so slow and difficult in the

case of cream from the milk of cows far along in lactation, since

at that time milk contains larger proportions of these constituents

than earlier in lactation.

(3.) Degree of Ripeness of Cream.—The fat-globules of ripened

cream churn more readily and completelj^ than those of sweet cream

under like conditions, especially in the case of cream raised by

gravity. The lactic acid coagulates the casein and thus greatly de-

creases the strong influence it has in its usual condition to keep the

fat-globules from coming into contact with one another.

(4.) Temperature Used in Churning.—The condition that exercises

most influence upon the ease with which the fat.globules unite in

churning is the temperature of the cream. This determines, more

than any other factor connected with churning, the hardness or soft-

ness of the fat-globules. When the temperature is too low, the fat-

globules are so hard that they do not stick together when they

come into contact, and, consequently, no butter results. When the

temperature is too high, the agitation of the fat-globules in churn-

ing tends to break them up into smaller globules rather than to

unite them into larger masses, thus forming a more complete emul-

sion, more difficult to churn than the original cream. Fat-globules

may be made to unite at temperatures as low as 46 degrees F., and as

high as 80 degrees F. Thus, the range of possible churning tempera-

tures is very considerable, but the quality of butter produced at differ-

ent temperatures is very different, particularly in texture. The butter

is in the most satisfactory condition at the end of churning, when the

temperature of the cream during churning has been such that the

fat-globules have united readily into firm, solid granules of butter,

with a minimum content of buttermilk. No particular temperature

can be prescribed for churning, as other conditions enter in to modify

the temperature of churning, such as (a) the individuality of cows,

(b) the stage of the lactation period, (c) the character of the food

eaten by the cows, (d) the season of the year, (e) the thickness of

the cream, and (f) the degree of its ripeness. The conditions men-
tioned that are immediately connected with the cow, influence the

composition of the milk-fat, making it harder or softer, as stated

above. The harder the milk-fat, the higher the temperature at

which churning should be done, and the softer the milk-fat, the
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completed, lii finishing the operation of churning, two points should

be aimed at, (1) completeness of churning and (2) retention of

smallest practicable amount of buttermilk in butter granules.

(1.) Completeness of Churning.—Bj completeness of churoing we

mean the extent to which the fat has been gathered from the milk-

seium into butter. This is shown by the amount of fat left in the

buttermilk, and is governed by several conditions, which have al-

ready been mentioned. Thus, the loss of fat in buttermilk is greater

in mixed creams of varying degrees of ripeness than it is in uniformly

ripened cream; it is greater at higher temperatures of churning than

at lower ones. As an indication of when the fat is removed as com-

pletely as practicable by churning, the size of the butter granules

may be taken, though not always. The usual instructions given

are to stop churning when the butter granules are about the size

of kernels of wheat. This cannot always be relied upon as showing

that the churning has been completed, since, under differing condi-

tions, the completeness of separation differs with the size of butter

giynules. The appearance of the buttermilk is usually a good indi-

cation of the completene*-s of churning; when the fat has been most

efficiently removed, the buttermilk should look bluish and thin or

wu.ery, an appearance not difficult to distinguish. As a rule, churn-

iDg should be continued until the buttermilk reaches this condi-

ti: n, without reference to the size of the butter granules. When the

•Lurning is most effective, the buttermilk should not cotitain more

tiian one-tenth of one per cent, of fat.

(2.) Amount of Buttermilk left in Butter.—The larger the granules

of butter at the close of churning, the greater the amount of butter-

milk remaining in the butter. This is an undesirable condition,

since the keeping quality of butter is unfavorably affected by the

prr.seuce of much buttermilk. Every effort should be made so to

C'intiol the conditions of cream ripening and the conditions of churn-

ing that, when the butter granules are the size of wheat grains,

the fat will be removed from the buttermilk as completely as is

practicable.

35. Difficulties Experienced io Churning.

It is a common experience, especially in making butter at home,

to have churnings in which the fat-globules separate in granules with

extreme difficulty from the buttermilk, or refuse to separate at all.

Various conditions may cause this behavior. Some of these have

already been referred to in connection with the conditions of clnrn-

ing. To some of these we will call more detailed atteotion at this
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poiut, including (1) the influence of advance of lactation, (2) im-

proper ripening of cream, (3j cream poor in fat, and (4) low tempera-

ture of churning.

(1.) Influence of Advanced Lactation.—In the case of cows that

are far advanced in lactation, we find a combination of conditions

that work against the ease of churning, such as small size of fat-

globules, milk-fat of harder character than normal, and a larger

amount than usual of albumin, casein and milk-sugar in the milk

and cream, thus increasing the resistance oli'ered to the uniting of the

fat-globules. In the case of cows that come into milk iu the spring,

these conditions are noticeable in the winter, when, in addition, the

food is often largely dry hay or straw. These conditions may also

be aggravated by improper ripening of cream. To overcome the

difficulties of churning caused by these conditions, the cows must

be given succulent feed, such as silage or roots, and the cream must
be ripeued so as to develop more than the usual amount of acid.

In extreme cases, some additional help may come from diluting

the cream slightly with warm water or by adding dilute salt brine.

(2.) Improper Kipening of Cream.—The cream should be ripened

under the conditions previously given (see sections 20 to 28, pp.

583-586).

(3.) Cream Poor in Fat.—Usually, it is more difficult to churn

completely cream poor in fat. This condition needs to occur only

when gravity methods are employed in raising cream. By using

the centrifugal method of separating cream, no trouble need ever

be experienced in this line.

(4.) Low Temperature in Churning.—In churning at very low tem-

peratures, the agitation mixes air with the cream and the cream

often froths or swells. Under these conditions, it is best to let

the cream stand several hours and then to warm it up slowly four

or five degrees, before trying to churn again. Kevolving churns

give less trouble in this respect than dash churns. Then, again, in

churning at low temperatures, the formation of butter may stop just

short of the "breaking'' point and not be affected by further churn-

ing. M such cases, the difficulty may be overcome by adding a little

dry salt to the cream or a little water of the temperature of 85 de-

grees F. to 90 degrees F.

30. Removing Buttermilk from Granules.

When the churning has been completed and the fat has been

gathered into granules successfully, the next step is to remove

the buttermilk from the butter. As previously stated, the butter

at this stage should be in granules not larger than kernels of

wheat, and the buttermilk should be clear and watery in appear-

ance, if the cream has been properly ripened and the churning done
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at the right temperature. By the old way, the churning was con-

tinued until all the butter was gathered into a fairly solid chunk

and was then removed from the churn and the buttermilk was re-

moved by pressure at the same time the salt was worked into the

butter. The usual method now is to stop the churu when the butter

is still in the granular stage, add a little cold water to favor the

separation of the smaller fat-globules still remaining in the butter-

milk. The buttermilk is then drawn oif from the bottom of the

churn and allowed to drain completely, after which water having

a temperature of 45 degrees F. to 55 degrees F. should be added

in amounts about equal to two-thirds of the buttermilk removed.

The water and butter granules in the churn are then greatly agitated,

enabling the water to come into contact with every butter granule,

care being taken to avoid an amouot of motion that will cause the

granules to mass in churiks. In about fifteen minutes, this water

should be drawn off, the granules allowed to drain thoroughly,

and then the operation of washing should be repeated a second

time as before. The second wash water should appear clear as

it runs away, or, at most, have only a very slight milkiness. If

the churning operation has been properly conducted, two washings

should suffice to remove the buttermilk. The less washing that is

necessary to remove the buttermilk the better. A small amount of

salt added to the first wash water aids in removing the buttermilk

without salting the butter appreciably. The texture of the butter

and the amount of water in it are affected by the manner in which

the washing is done, and by the condition of the butter granules.

(1.) Influence of Washing upoo Percentage of V\^ater in Butter.

—

When the butter granules are small and the wash water very cold,

more water remains in the butter without appearing in the form of

distinct drops than is the case when the granules are larger and

the water less cold. If the end of the churning leaves the butter

in chunks of the size of a small plum or larger, it is impossible

completely to wash the buttermilk out of the butter, and especially

if the butter is soft. I« such a case, the buttermilk must be re-

moved by working, but can not be done completely even then, and

the butter will have a high water content.

(2.) Influence of Washing on Texture of Butter.—The temperature

of the water used in washing butter affects the texture of the butter.

When butter is soft at the end of churning, and it is hardened by

beiog rapidly cooled down by the addition of large amounts of very

cold water, the texture is likely to show the effect of the rapid

change of temperature. When thus treated, the outside of the

butter granules cools some time before the inside, and if time is not

given for complete cooling before it is worked, we hare a part of

3S—G—1902
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the butter still soft. In case tbe butter granules are soft at the

end of churning, as the result of too high temperature in churn-

ing, the proper method of procedure is to use the usual amount of

water at the usual temperature and allow the butter to remain

in it, until it has become tJioroughly cooled clear through. If treated

in this way, it can be worked without risk of getting soft again

at once. In addition, the use of large amounts of water in washing
butter is apt to remove some of the compounds that give the butter

its flavor, producing a flavorless or tallow-like tasting butter.

37. Working Butter.

The real objects in working butter are (1) to mix the salt with

the butter and (2) to get the butter into a solid mass suitable for

market. Working butter more than is necessary to accomplish

these two purposes is not only useless but may be worse than useless

when carried to such aa extent as to injure the texture or grain

of the butter. There is least danger of injuring the grain of butter,

when the working is done by pressure, at a temperature of 45 de-

grees P. to 55 degrees F. The mistake should be avoided of de-

pending upon working to remove moisture, since this is controlled

by the size of the butter granules and the temperature of churning.

Fine granules and low temperature favor assimilation of moisture.

88. Salting Butter.

The specific purpose for which salt is added to butter is to give

taste. The small amount of salt present in butter has little to do

with the keeping properties, as only larger amounts of salt have

marked antiseptic effect. The one guide upon which to depend

as to how much salt shall be added to butter must be the special

market in which the butter is sold, in other words, the taste of the

consumer. In actual practice, the amount of salt varies all the

way from a trace to two and one-half ounces for each pound of

butter. The amount of salt preferred by most consumers is three-

fourths of an ounce to one ounce of salt for a pound of butter. In

some creameries, butter is made for several different markets, re-

quiring all kinds of salting and extreme pains have to be taken to

have each kind always uniform. In order to turn out butter of the

same uniform quality from day to day, it is essential that the amount

of salt retained in the butter shall be the same, or with the least

variation possible. It would seem to be a simple matter to con-

trol the amount of salt m butter by weighing the drained butter and

salting this in proportion to its weight. But the drained butter

is not of constant composition from day to day, because the size
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of the butter granules aud the amouut of water cliiigiug to them are

not unifoiui aud, hence, the weight of the washed, draiued butter

grauules does uot bear a constant, deiinite relation to the amount

of butter when tiuished. The larger the amount of water in the

butter grauules, the larger is the amouut that will go out on salt-

ing and working, aud the less will be the amount of salt left in.

When the creaming is done by a separator, and a cream of uniform

composition is used from day to day, the weight of cream affords

a better basis for calculating the amount of salt to use than does

the weight of washed butter granules. The salt can be incorporated

easily and eveulv into the whole mass of butter, if it is added while

the water is being pressed from the butter in the worker. It is

important to continue the working until the salt completely dis-

solves, because undissolved particles of salt may cause mottled or

streaked butter. A particle of solid salt remaining in the butter

may later dissolve in the water contained in the butter and thus

form a strong brine at that point, which tends to deepen the color

of the butter that comes in contact with this drop of strong brine.

Care should be used in the selection of dairy salt, as different brands

of salt vary in their fitness for use in salting butter. Generally

speaking, good dairy salt should have a uniform size of particles,

should be dry aud should completely dissolve to a clear solution.

When a small amount of salt is desired in butter, it can be more
uniformly aud completely incorjjorated into the butter bj" using

brine instead of dry salt. For this purpose, a brine is prepared

by dissolving m warm water all the salt that can be made to dis-

solve. This brine is cooled to the proper temperature and poured

over the butter. The brine may take the place of the second wash
water and allowed to stay with the butter about ten minutes, when
it is drawn off and a second portion of saturated brine added to the

butter for the same length of time. Then the brine is removed and
the working done in the usual manner.

39. Packing Butter for Market.

Butter is in condition to pack for market when the salt entirely

in solution has been completely and uniformly worked through the

butter, and the water in the butter reduced to the desired amount.

When butter is to be kept for some time before marketing, it should

contain less water tha« butter intended for immediate use. Popu-

lar taste at present appears to call for a comparatively large amount
of water in butter when it is consumed fresh. A large amount of

water in butter that is to be kept awhile before consumption is

objectionable, because sooner or later the water evaporates from
the surface, leaving a coating of salt, and the appearance is injuri

ously affected.

36
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The problem of a perfect butter package yet remains to be solved;

that is, a package which is strong, light in weight and air-tight.

Packages made of crockery, glass or metal are heavy atid liable

to be broken. Tin and iron packages rust easily in the presence of

the brine. Wooden packages are seldom air-tight. It appears to

be the general impression that wooden packages are in all respects

the most available. The materials most commonly used are probably

ash, spruce and oak. Wooden packages are subject to the disad-

vantage of imparting their flavor to butter when it is kept in them
long. Therefore, great pains must be takeii to remove the odor of

wooden packages as far as possible before they are used. This may
be done by steaming the packages thoroughly and then filling them
with hot water, containing some salt. After standing twenty-four

hours thev are steamed a second time and then filled with cold water.

For direct consumption, butter may advantageously be packed

in moulds or prints. The popular demand for this style of package

has increased greatly within a few years and its popularity appears

to become greater all the while. Prints in pound and half-pound

sizes are found in every grocery. The standard size for pound prints

is 4f by 2^ by 2f inches, and the shape is rectangular. Each print

is wrapped separately in parchment paper and special packiog boxes

are furnished for carrying them.

40. Qualities of Butter.

Certain points have been adopted by common consent to use as

a basis or standard in judging of the value of butter. The qualities

that have been selected for this purpose are, (1) flavor, (2) texture,

(3) color, (4) salt and (5) general appearance. To these may be added

(6) moisture and (7) solidity.

(1.) Flavor.—Butter is said to have a good flavor when it possesses

the characteristic taste and odor of good butter in a well-marked

degree. It is difficult to describe in words what this flavor is, but

it is commonly described as a nutty flavor, clean, aromatic and

sweet. It should be entirely free from any rancidity or any other

unusual flavor. Personal preference forms a very large factor in

judging the value of butter in so far as it depends upon flavor. High

flavor, for some persons, means sour milk or buttermilk flavor, while,

for others, such a flavor must be absent. The real flavor of high-

grade butter can be produced only under most favorable conditions

of manufacture. Every operation must be conducted with care,

and extreme pains must be observed at all times in respect to clean-

liness. The one step in the operation of butter-making that has

most influence directly upon the flavor of butter is the ripening of
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the cream, and too great care can not be taken to have perfect con-

trol of this delicate process. Food also exercises some iutluence.

The flavors that are objectionable in butter may come from food,

from the absorption of bad odors by the milk or cream, from the

action of undesirable forms of bacteria and from excessive amounts

of buttermilk retained in the butter.

(2.) Texture.—The texture of butter refers to what is called the

grain and depends upon the condition of the butter granules. lo

its flrst formation in churning, butter appears in very small, irregu-

lar grains or granules. These grains retain their individuality

throughout the rest of the process of butter-making and even in

the finished product. The more distinct we can keep the individu-

ality of the granules and at the same time make the butter into

solid masses, the better is the texture. The granular texture of

butter is seen when a mass of butter is broken into parts trans-

versely, giving somewhat the fractured appearance seen in broken

cast iron and free from a greasy appearance. Another method of

testing the texture is to pass a knife blade or a butter trier through

the butter; when it is withdrawn, no particles of butter stick to it.

The texture of butter is injured by allowing the butter granules

in the churn to become too large, and by working at too high a tem-

perature or too much. The granular texture of butter is entirely

and permanently destroyed by warming butter up near to the melt-

ing point.

3. Color.—The standard of color for butter is the color given when
the butter is made from the milk of a cow feeding upoo fresh pas-

ture grass—an even, bright, golden yellow. Just what substance

it is that gives butter its natural color, we do not know yet, but we
do know some of the conditions that influence its color, such as the

breed of cow, character of food and stage of lactation period. Butter

tends to become lighter in color toward the end of a cow's lactation'

period, and especially if the cow at that time is fed exclusively

upon dry foods. Oti fresh pasture, some cows produce butter some-

what too high in color for the critical consumer. Most butter in

commerce is artificially colored. There is quite a number of different

butter-color preparations in the market, some of which are aniline

compounds and are poisonous when used in considerable quantities.

If a butter-color is used, it is wise to use annatto or other prepara-

tions, which are known to be harmless. When butter is artifically

colored, the colored product should be uniform, of a bright, golden-

yellow color, free from any reddish tinge. Different shades of color

are called for by different markets.

(4.) Salt.—The main point in connection with salt in butter as

affecting quality, is that the salt should be entirelv dissolved and
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distributed uniformly throughout the entire mass of butter. As to the

am()u«jt of salt iu butter, this must be judged entirely according to

the standard of (he special tiade for which it is made.

(5.) General Appearance.—Under this head we include the at

tractiveness of the package and packing, cleanliiie«s, etc.

(6.) Moisture.—The water should be so completely incorporated

with the butter that it fails to show its presence, not appearing

in the form of free beads of water.

(7.) Solidity.—By this is meant the quality of firmness or hardness,

not melting or softening too easily.

The different qualities indicated above are used in a specific

manner for determining the market value of butter, each quality

having assigned to it a definite numerical value. The following

so-called scale of points is in common use in the markets of this

country

:

Flavor, 40 to 45.

Texture, 25 to 30.

Color, 10 to 15.

Salt, 10.

Appearance, 5.

41. Composition of Buttermilk.

Buttermilk is the product, containing water and milk solids that

remains when fat is removed from milk or cream in the process of

butter-making. In general composition, buttermilk resembles skira-

milk, containing, like skim-milk, all the constituents of milk, but

in different proportions. The amount of fat in buttermilk is of

the greatest importance in connection with churning, for only by

knowing the amount of fat in buttermilk can we tell with certainty

how complete the churning is. So, the buttermilk should always

be tested in order to know whether large amounts of fat are being

needlesslv wasted bv being left in the buttermilk. We have al-

ready discussed the conditions that afTect the amount of fat left in

buttermilk, in sections 33 and 34. If the conditions of butter-making

are properly controlled, there need not be left in the buttermilk more

than one-tenth of one per cent, of fat. Buttermilk from ripened

cream differs from that obtained with sweet cream, the former con-

taining less milk sugar, more lactic acid and less milk-fat. The fol-

lowing analysis will serve as an illustration to give a general idea

of the composition of buttermilk obtained under the best conditions*
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Per cent.

Water, 90.60

Fat, 0.10

Caseiu and albumin, 3.60

Milk sugar, 4 . 40

Ash, 0.70

Lactic acid, O.GO
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CHAPTER VI.

THE RELATION OF MILK TO YIELD OF BUTTER.

If we compare the composition of milk with that of butter, we
are impressed with the fact that a vei^ small amount of the solids

contained in milk, excepting milk-fat, goes into butter. Below we
give an illustradon showing, under the conditious stated, the dis-

tribution of milk-fat through the various operations of butter-

making.

42. Distribution of Milk-Fat in Butter-Making.

In the accompanying illustration we assume that we start with

1,000 pounds of milk, containing 4 per ceot. of fat; that we produce,

in creaming, 200 pounds of cream and 800 pounds of skim-milk, con-

taining 0.10 per cent, of fat; that in churning we produce 155 pounds
of buttermilk, containing 0.20 per cent, of fat, and 45 pounds of

butter. We will assume also that the mechanical losses of fat

amount to 0.30 pound of fat. The following tabular arrangement
brings out the manner in which the milk-fat is distributed through
these various operations:

1.000 pounds of whole-milk contain 40. pounds of fat
200 pounds of cream contain SO. 2 pounds of fat
800 pounds of skim-mill< contain O.S pounds of fat.
155 pounds of buttermilk contain 0.3 pounds of fat,
45 pounds of butter contain 3S.6 pounds of fat,
Mechanical losses of fat In various operations, 0.3 pounds of fat.

100.00
98.00
2.00
0.75

96.60
0.76
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Of the amouut of fat contained in the whole milk at the start,

98 per cent, went ioto the cream and 2 per cent, into the skim-milk,

0.75 per cent, into the buttermilk and the same amount was lost

mechanically, while 96.5 per cent, went into butter. The total per-

centage of loss was 3.5 per cent, of the fat originally in the milk.

43. Relation of Fat in Milk to Yield of Butter.

We have seen that it is not milk-serum that produces butter, but

it is milk-fat. Hence, if we wish to know the butter-making value

of milk, we must' k«ow the amount of fat in milk and then we can

tell very closely how much butter should be made from 100 pounds of

any particular milk. Now, the question arises: "How much butter

should be made for each pound of fat present in milk?" Taking

the illustration given in the preceding i)aragraph, we have 1,000

pounds of milk containing 4 per cent, of fat, or 40 pounds of milk-fat,

and from these 40 pounds of milk-fat we obtain 45 pounds of butter;

that is, for each pound of fat in milk, we make one and one-eighth

pounds of butter, or just one pound and two ounces. In this case,

we made allowances for losses of fat in skim-milk, buttermilk and

handling, which ought not to be exceeded in practice, when the dif-

ferent operations are carried on with proper skill and care. In

general, we may lay this down as a fair rule to follow: Each pound

of fat in milk should make one pound and two ounces of finished

butter.

The question may next be asked, "Why do we have two ounces

more of butter than we do of butter-fat or milk-fat?" Wliile we lose

a little fat in the operation of butter-making, we add to the milk-fat

considerable water and some salt and retain a little casein, so that

we not only make up for the fat lost but really add more than

enough water, etc., to make up the loss. In the illustration above

given, we had 40 pounds of milk-fat to start with, we lost 1.4 pounds

in various ways in making butter, leaving for the butter 38.6 pounds

of fat, and to this amount of fat we added 6.4 pounds of water, salt,

etc., and thus obtained 45 pounds of finished butter. From the fore-

going considerations, it can be seen that we need only to know the

per cent, of ffit in milk in order to calculate the amount of butter

to be made from 100 pounds of the milk. It is necessarly only to

multiply the per cent, of fat in milk by one and one-eighth or by
one pound and two ounces. Thus, we could readily make up a table

like the following, covering any range desired:
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Per cent, of Fat In Milk. Pounds of Butter that Should Be Made
from 100 Pounds of Milk.

», ...

8.2,.

3.5,.

3.8,.

4.0,.

4.5,.

B.C.

3.S7 pounds, or 3 pounds, ( ounces.
3.63 pounds, or 3 pounds, 10 ounces.
8.93 pounds, or 3 pounds, 15 ounces.
4.27 pounds, or 3 pounds, 4 ounces.
4.50 pounds, or 4 pounds, 8 ounces.
5.06 pounds, or 5 pounds, 1 ounce.
5.62 pounds, or 5 pounds, 10 ounces.

44. How to Detect Losses by Yields of Butter.

Ordinarily, one can detect losses of fat in skim-milk and butter-

milk by testing tliem for their fat content. In the absence of such

tests, one can make use of the above rule to ascertain how effective

one's work is in getting milk-fat into butter. For illustration,

suppose we make butter from milk containing 4 per cent, of fat,

and get 4 pounds and 3 ounces of butter. From the rule given above,

we should get not less than 4 pounds and 8 ounces of butter, so that

we have experienced a loss of 5 ounces of butter for 100 pounds of

milk. We have either lost extra amounts of fat or we have failed

to retain the usual amount of moisture in the butter or have experi-

enced losses in both of these directions. An experience of this kind

should move one to discern the causes of loss and then remedy them.

In case the amount of butter is greater than is called for by the

rule, then we have incorporated an extra large amount of water in

the butter.

45. Milk-Fat as a Basis of Paying for Milk at Creameries.

Until a dozen years ago, milk was very generally paid for by weight

alone at creameries. This method was based upon the belief that

it was milk that made butter and that all kinds of milk were of

equal value, pound for pound, in making butter. The next step

in the direction of progress was to pay according to the amount of

cream raised, measuring it by volume. This was a partial recogni-

tion that different milks varied in their butter-producing value.

The method of paying for cream was extremely faulty, because the

basis of payment was for so many spaces or inches of cream raised

in a can of certain depth and diameter. This method assumed that

all cream raised by the gravity system contained the same amount
of fat and was, therefore, of equal value for making butter. Investi-

gation showed that this assumption was wholly without foundation

and was extremely misleading. The next plan put into practice

was what was known as the "oil test," by which an attempt was
made to measure the butter-producing values of different creams
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by actually chinning small portions of cream. This plan was found

to be open to several objections. Finally, the discovery of the Bab-

cock test, in 1890, furnished a simple means of determining fat in

milk or cream. From that time on, the method of paying for milk

and cream at creameries on the basis of the fat content gradually

spread until now it is probably univesal. The relation of fat in milk

to yield of butter is so obvious that only persons lacking in aver-

age understanding can fail to appreciate the significance of such

I'elation.

46. Calculating Dividends at Creameries oo Basis of Milk-Fat.

Several different methods may be employed to determine the

amount of each patron's dividend, when payment is made on the

basis of the amount of fat in the milk. There are calculators pub-

lished that save most of the details in making calculations. Here

we present one of the simplest methods, showing all the necessary

details. It is essentially the same as the old method in use when
the weight of milk alone was used as the basis for payment, while,

on the milk-fat basis, it is the amount of fat that is used in making

calculations. We will illustrate this method as employed (1) in

co-operative creameries and (2) in creameries where milk is pur-

chased for a definite price.

(1.) In Co-operative Creameries.—Taking the time covered by any

one dividend, whethv r a week or month, it is necessary to know (a)

the amount of milk dv'livered by each patron during that time; (b)

the per cent, of fat in the milk during the same period of time; (c)

the total or- gross amount of money received for the butter produced

during the same period;, and (d) the amount of expenses to be de-

ducted from the gross receipts, such as cost of manufacture, selling,

carting, etc. Having these data, we need only to apply the follow-

ing rule, which is given, for convenience, in three steps.

Rule. Step 1. To find the amount of milk-fat furnished by each

patron: Multiply together the per cent, of fat in the milk and the

amount of milk delivered by each patron expressed in hundreds of

pounds, and decimals of a hundred. This gives the total amount of

fat in the milk delivered by each patron during the dividend yioriod

Example:
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Name of Patron.
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Total number of pounds of
fat delivered by all patrons,

350
650

835
965

1,200

3.50X
6.50X
8.35X
9.65X

12. OCX

4.0=
3.6=
5.2=
4.4=
4.2=

14.00
23.40
43.42
42.46
50.40

=173.68

Rule. Step 2. To find the net value of one pound of milk-fat :Di-

vide the total net receipts by the total number of pounds of milk-fat

delivered by all the patrons during the dividend period. Example:
From the amount of milk delivered by the patrons, as given above,

we have made, say, 195 pounds of butter, which realizes 18 cents a

pounds, after deducting the cost of making and all other expenses.

This will give |85.10 to distribute among the patrons. We now
divide |35.10 by 173.68, the total amount of milk-fat delivered by
all patrons during the dividend period, and we have 20.2 cents as

the net amount of money received from butter for each pound of milk-

fat delivered.

Rule. Step 3. To find the amount of dividend due each patron:

Multiply together the number representing the pounds of milk-fat

furnished by each patron and the net price received for each pound
of milk-fat.

In this case, the net price realized for each pound of milk-fat is

20.2 cents, and so we multiply by this the number of pounds of fat

delivered by each patrou. Example:
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CHAPTER VII.

PRELIMINARIES OF CHEESE-MAKING.

As compared with butter-making, the process of cheese-making

is much more complicated in its details and difficult to control.

It is probably true that our best methods of butter-making are

much nearer perfection than are our best methods of cheese-making,

but many improvements have taken place in the details of the pro-

cess of cheese-making during the past twelve or fifteen years. Be-

fore the actual operation of cheese-making begins, there are several

details which can properly be considered in a separate chapter. We
shall, therefore, discuss in this chapter (1) the care of milk by the

dairyman for cheese-making, (2) the method of testing milk to detect

injurious forms of fermentations, (3) the action of rennet in cheese-

making, and (4) the ripening of milk for cheese-making.

47. Care of Milk for Cheese-Makiog.

In section 13, p. 570, we discussed in considerable detail the pre-

cautions to be observed in securing clean milk when the milk is to

be sold for direct consumption. All the precautions given there

in regard to the conditions of cleanliness to be observed apply with

equal force to milk that is to be used for cheese-making. However,
in the case of milk intended for cheese-making, after it has been

drawn, removed from the stable and strained, we do not need to be

so careful in keeping the lactic acid bacteria from growing as we
do with milk to be sold for direct consumption. While most of the

undesirable forms of fermentation, commonly occurring in milk, may
work injury in cheese-making, it is, so far as we now know, very

necessary to have more or less lactic acid fermentation in the milk

and curd during the cheese-making process, in order to make good

cheese, especially in the case of our common type of cheese, the

American cheddar. There are two additional points to which special

attention will now be called in caring for milk for cheese-makiog and
these are (1) cooling and (2) aerating.

(1.) Cooling Milk.—It is desirable to cool the milk down to the

temperature of the surrounding air, or, still better, to 60 degrees F.,

if it has to be kept long. It is a good plan to assist the cooling

by constant stirring. Two objects are thus accomplished. In the

first place, in milk thus treated the fat tends to cream less rapidly,
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ii dositaltlo I'oiuiitiou. boiausc in tbo choosoniakiuu provosss we whuI

to iuovriii du' separaiiDU o( lUv tat I'loin (lio luilU as iiuu h as pos-

siblo. la ilu' siH-oiul i)la('i\ tlu> siirriug helps auv subslain'i's with

odors to osi-ape from tho milk, ospociallv tlu' so-oalliHl animal odor

and auv othors iliai mav have boou absi>rbod from the air.

(2.) Aoratioii" Milk.—Stirring milk while eooling is one method of

exi)osini; it to the air, that is. atMaiinji ilu> milk. The airaiiiiu". as

well as the i-ooling, lan be advaiKageouslv aeeomplished bv using

special forms of apparatus designed for the purpose. The most

eouimou form of aerator is a strainer-like tin vessel with holes in the

bottom. It is held in pi>sition somewhat elevated above the milk

ean bv an iron frame. The milk, as soon as drawn, is strained i«ito

this at onee and the milk falls in tiuely-divided drops or streams

through the air before going into the ean. The Star cooler and

aerator allows the milk to tlow in a thin film over a corrugated nu^tal

surface: the cooling is caused ai ilu' same time bv having cold

water tlow through (he ai)paratus. \\ hile the more common practice

is to cool and aerate o«»lv night's milk, it is desirable that morning's

milk should be similarly treated. It is also desirable that the two

milkings should be kept separate and not taken to the factory in

the same can, unless the morning's milk is cooUhI to the temperature

of the night's milk before mixing.

As soon as milk has been cooled and aerated, it should be covered,

iu order to prevent evaporation from the cream layer. If much evap-

oration takes place, the layer of cream becomes somewhat tough

and does 4u>t mix back readily into the milk. This is objectionable

for two iwiisons. (a) the loss of fat is apt to be larger in cheese-

making, and (b) it is more dillicult to obtain a representative sample

for testing. This dit^icultv nsuallv occurs onlv with night's milk,

hut can verv easilv be obviated.

48. Detection of Injurious Ferments in Milk.

It is extremely important at times to find out whether milk is fit

for eheese-nmking, especially, w here troubles have been experieuceii

with fernu^itations that make it ditlicult or impossible to produce

good cheese. At the Wisconsin Experiment Station a simple method

known as the "Wisconsin curd test," has been devised for detecting

milks that are undesirable for cheese-making. Specially designed

apparatus can be obtained at dairy-supply houses, but is not neces-

sary. The test consists iu making a small chutik of cheese-curd

from milk in a glass jar. Take pint fruit-jars and perforate the

covers with a few small holes. Before using, clean them in boiling

water. A sample of each of the milks to be tested is placed in a

jar, nearly filling the jar, and the jar is placed iu water warmed to
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about i)~) decrees F. to 100 degrees F, Then ten droi>s of reon»;t

extract are added to the milk in each jar and the conteotH are thor-

onghlj mixed. The milk ia then left undisturbed until comi>Ietely

curdled, after which it is cut in small pieces with a case koife and

stirred in order to ex[)el the whey. Care must be taken to dean

the knife each time before cutting the curd in each jar. The whey

is poured off at frequent intervals, until the curd mats. The curd

is then kept at a temperature of about 08 degrees F, for six or eight

hours and then examined. If the milk is good, the curd from it

has a solid, firrn texture, with (m]y a few small pin-holes, if any.

It may have some large, irregular holes caused mechanically by the

failure of the particles of curd to unite closely. If gas-forming bac-

teria are present in the milk, they will produce a curd of spongy tex-

ture, very full of holes. Other undesirable fermentations may show
their presence by producing a curd of soft, "mushy" texture, while

others develop offensive odors. By the use of this test, it is easily

possible to detect what patron's milk is the source of trouble, op,

in the case of a herd, what individual cow or cows. When un-

favorable fermentations are met with in factory ex-perience, this test

should be promptly and thoroughly applied, and milk found to be

responsible for the trouble should be excluded until its character

is improved. Also, milk should not be received for cheese-making

when it contains as much as two-tentlis of one per cent, of lactic acid.

This curd test may also be applied to the examination of market milk

that is sold for direct consumption.

49. Hource aod Properties of Rennet Extract.

AV'e have already (see section 0, p. 564) refei-red to rennet as con-

taining an enzyme or unorganized ferment, called rennet, which

possesses the characteristic property of coagulating or solidifying

milk-casein, and, on this account, lies at the basis of our cheese-

making, Rc-cnet is used in the form of an extract,

(1.) Source of Rennet Extract.—The usual source of rennet is the

fourth stomach of a calf that has not stopped living upon milk.

The enzyme is separated from this by special tratment, such as

soaking in dilute salt water. For cheese-making purposes, it is

much preferable to purchase one of the regular commercial rennet

extracts rather than to use a home-prepared article. The best

brands of commercial extracts are uniform in strength and free

from taints, and this is not commonly true of home-prepared ex-

tracts. Rennet extract should be kept in a cool, dark place, if it is

to keep its strength for the longest possible time.
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(2.) Strength of Keunet in Coagulatiug Milk.—How jjowerful the

action of louDet is iu cogulating milk-caseiu can be seen in cheese-

making , where we use only one part of rennet extract to five thou-

sand parts of milk, and rennet extract itself is only a dilute form of

rennin, the real coagulating substance. One part of absolutely pure

renniu can coagulate three million parts of milk. Apparently, ren-

net extract does not exhaust itself by its own action, but can be

used repeatedly. For example, if we could recover from whey and

curd the rennet used in coagulating milk, it would coagulate an

equal quantity of milk again.

(3.) Chemical Action of Kennet.—When rennet acts upon milk-

casein, it changes the composition of the casein, forming a new
compound, and this new compound which appears as the coagulated

substance is called paracasein. Cheese curd is, then, an impure form

of paracasein. This paracasei« formed by rennet is quite different

from the solid substance formed by milk casein when treated with

acids.

(•4.) Conditions of Kennet Action.—The conditions of rennet action

are quite well understood and we will consider some of them. The

rapidity and completeness of coagulation of milk casein by rennet

are dependent upon the following conditions:

(a.) Acids Affect Action of Rennet.—Milk must be neutral or acid

for action of rennet. If milk is alkaline, rennet will not coagulate

it. Increased amounts of acids have a very marked effect in in-

creasing the rapidity and completeness of rennet action in coagulat-

ing milk casein. Moreover, very small amounts of acid have a very

pronounced influence. For example, a sample of fresh milk that co-

agulated in 110 seconds was coagulated in 30 seconds when one part

of lactic acid was added to 5,000 parts of milk.

(b.) Temperature affects time of coagulation by rennet. The quick-

ness with which rennet coagi]lates milk increases with increase

of temperature. For example, a sample of milk that coagulated

at 75 degrees F. in 270 seconds, was coagulated in 65 seconds at

95 degrees F. The character of the coagulated substance also varies

with the temperature at which coagulation takes place. Below 60

degrees F. and above 122 degrees F., the curd formed is soft and

loose, while at 77 degrees F. to 113 degrees F., the curd is much more
firm and solid. The activity or strength of rennet is weakened by
heat at 120 degrees F., while heated for sometime above 140 degrees

F., rennet becomes permanently weaker or entirely inactive.

(c.) Strength of rennet extract increases rapidity and complete-

ness of rennet action, likewise increased amounts of rennet extract.

Dilution of milk by water has the effect of diluting rennet extract

and so a given amount of rennet extract acts less rapidly and com-

pletely in diluted milk than in the same quantity of milk undiluted.
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(d.) Different chemical compounds added to milk affect the actioo

of rennet. For example, many acid salts like free acids, hasten

rennet action. Alkaline and alkaline salts prevent it. Retinet co-

agulation is delayed by common salt, borax, formalin and some

other substances used in milk preservatives.

(e.) Heating milk above 150 degrees F. for some time makes it

coagulate less quickly with rennet than unheated milk. Milk heated

to boiling for some time coagulates either very slowly and incom-

pletely or not at all with rennet. The coagulating power of such

milks may be restored by adding small amounts of some acid or by

adding calcium chloride.

(f.) Milk from different cows behaves very differently to rennet.

For example, in some tests made at the same time and under the

same condition with samples of milk obtained from fifteen different

cows, the time of coagulation by rennet varied in the individual

samples all the way from 50 seconds to 23 minutes. Just why
such differences exist no one knows.

50. Methods of Testing Rennet Extracts.

Since diff'erent brands of rennet extract vary somewhat in their

ability ro coagulate milk, it is important to have a meansi of testing

their strength, so that we may know definitely their value. The
strength of a rennet extract may be ascertained by finding out how
long it takes for a certain amount of extract to coagulate a fixed

amount of milk at some definite temperature. The two or three

rennet tests in use are based upon this general principle. The
two forms in common use are known under the names of (1) the

Monrad test and (2) the Marschall test.

(1.) The Monrad Rennet Test.—In this test the amount of milk

used is 160 cubic centimeters (about five and one-half ounces fluid

measure), and the temperature is 82 degrees to 86 degrees F., and
the amount of rennet is one-half of a cubic centimeter, which is

diluted to 5 c. c. with water. The apparatus furnished for this

test by dairy-supply houses makes these measurements simple.

Having the rennet previously diluted, one makes the test as follows:

The given amount of milk is heated to 82 degrees to 86 degrees F.,

5 c. c. of the dilute rennet solution are added and stirred in quickly

with the thermometer. A fixed temperature must be used always;
it can be any one point from 82 degrees F. to 86 degrees F., but the

point must always be the same one. The time when the rennet is

added is noted by the second hand of the watch and then again
the time when the milk has coagulated, and then we know how many
seconds it has taken for the milk to coagulate. The time when the

milk coagulates can be seen more sharply by scattering a few par-

89—6—1902
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tides of charcoal on tlie surface of the milk. The railk is started into

motion around the dish by stirring with the thermometer, and the

charcoal particles stop the instant the milk curdles. By using a

stop watch in carrying out this test, great accuracy and delicacy

can be attained. In comparing two rennet extracts by this test,

the one that coagulates the milk in the quickest time is the strongest.

If possible, the same kind of milk must be used in comparing differ-

ent extracts. (See Fig. 3.)

(2.) The Marschall Rennet Test.—In this test, the same general

plan is followed, but the coagulation takes places in a cup on the

sides of which are some graduated lines, while in the bottom of the

cup is a glass tube, with very small bore." After the rennet is

added to the milk in the cup, this fine glass tube is opened and the

milk allowed to trickle away, until the railk coagulates and ceases

to run. The marks on the inside of the cup show how much milk

has run out and the number of spaces uncovered show the strength

of the rejinet. The stronger the action of the rennet, the more
quickly is the milk coagulated and the less runs out and the fewer

spaces are uncovered. There are some objections to this test, which

should be noted. A difference in the bore of the glass tube in

the bottom of the cup makes a great difference in results, and it

is found that the bore differs in different cups. In trying different

cups, always compare them on the same sample of milk. While

the ]\farschall test is coovenient for ordinarv factorv work, it is

not capable of as great delicacy as is the Monrad test and, therefore,

is not so well suited for work requiring extreme precision.

51. Ripening Milk for Cheese-Making.

In ripening milk for cheese-making, the aim is, as in the case

of ripening cream, to encourage the fermentation of lactic acid, but

in a lesser degree than io cream. Let us first consider how we
ripen milk for cheese-making and then how we determine when we

have ripened milk enough.

(1.) How to Ripen Milk.—Lactic acid may be formed in milk simply

by heating the milk to 82 degrees F. to 86 degrees F., and allow-

ing it to stand awhile. This temperature favors the rapid growth

of the lactic acid bacteria already in the milk and the fermenta-

tion of the lactic acid takes place quite promptly in ordi«ary factory

milk. Th( re are times, however, when either lactic acid organisms

are not abundant or other injurious forms of ferments are so abund-

ant as to repress the growth of the acid-formers, and, under such con-

ditions, it is unwise to wait for the development of the acid bacteria.

The method is then to develop lactic acid by adding a starter. A
starter prepared as described in section 27, p. 584, may be used, or



Fig. 3. Moarad's rennet test.

Fig. 4. Horizontal curd-kuife. Fig. 5. Perpendicular curd-knife.
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Hansen's "Lactic Ferment" can be employed to advantage. The
amonnt of stafter to be used in i-ipeniug milk for cheese-making

should be from two to five pounds of starter for each hundred pounds

of milk. The amount will vary according to the temperature of

the air and the degree of acidity already in the milk when it comes

to the factory. Starters should not be prepared from the mixed

milk in the vat or from whev.

(2.) How to Determine the Proper Degree of Ripeness.—Since ripe-

ness in milk means formation of lactic acid, we can measure the

ripeness of milk by determining the amount of lactic acid as in

the case of cream, but for cheese-making purposes this method
is not sufiiciently delicate. It has been pointed out above that the

activity of rennet is extremel}' sensitive to the presence of acid;

a very minute amount of acid greatly increases the activity of the

rennet and reduces the time in which it will coagulate milk. The
most satisfactory- test for ripeness in milk is to make use of the

rennet test in one of the forms described in the preceding section.

When milk is found to coagulate by the Monrad test in 45 to 60

seconds, or by the Marschall test in two and one-half spaces, enough
acid has developed to enable one to add the rennet for coagulat-

ing the milk in the vats. The effect of ripening milk is to hasten

the w^hole operation of cheese-making. The general aim is to have

such an amount of acid formed when the rennet is added that

the rest of the operation con be completed in six hours. Milk con-

taining as much as two-tenths of one per cent, of lactic acid when
brought to the factory ip overripe and liable to make trouble in

cheese-making. Overripe milk usually causes losses of extra amounts
of fat and decreased yield of cheese, since it is difficult for the cheese-

maker to control satisfactorily the different operations of cheese-

making.

CHAPTER VITI.

MAKING CHEDDAR CHEESE.

There are two methods in use for making the kind of cheese most
commonly found in our American markets, (1) the "stirred curd,"

or ''granular"' method, and (2) the cheddar method. The latter

is probably more extensively used now. The product is essentially

the same, though it is claimed for the cheddar system that the tex-

ture of the cheese is more solid, and the product more generally

uniform, and with a somewhat smaller content of moisture. We
shall describe onlv the cheddar method.

37
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In the chapter preceding, we have prepared the milk for receiving

the rennet. The remaindiei' of the process can be advantageously

described under the following divisions:

(1.) Coagulating the milk by rennet.

(2.) Cutfing the curd.

(3.) Heating the curd.

(4.) Removing the whey.

(5.) Cheddaring the curd.

(6.) Milling the curd.

(7.) Salting and pressing curd.

(8.) Curing cheese.

The subject of cheese curing is so important that we shall reserve

its discussion for another chapter.

52. Coagulating Milk by Rennet Extract.

This is also called among cheese-makers ''setting the milk with

rennet." It may be stated here, that during the process of ripening,

the milk should be more or less constantly stirred, in order to mix

back the cream that rises or rather to prevent its rising. The milk

is heated gradually to 82 degrees F. to 86 degrees F., and then tested

for ripeness. If sufficiently ripe the rennet is added at once; if

not ripe enough, it is allowed to stand at the given temperature

until it gives the right test. However, if the milk is so lacking

in acid as to require too long for the acid to form without help, then

use a starter as described above. When the amount of acid in

the milk is reached according to the tests given above, the rennet

extract should be added. Three points in this connection should be

considered, (1) the temperature of the milk when the rennet is added,

(2) the amount of rennet extract to be added to the milk, and (3)

the method of adding the rennet extract.

(1.) Temperature of Milk when Rennet is Added.—There is a varia-

tion of a few degrees in the practice of different cheese-makers. The
temperature at which the milk is ripened should be the temperature

of the milk when the rennet extract is added, and that point may bo

anywhere from 82 degrees F. to 86 degrees F. The advantage of

the higher temperature is more rapid action and economy of time,

especially m ripening, if no starter is used. Milk coagulates more
quickly considerably above 82 degrees F. to 86 degrees F., but this

range of temperature has been shown by experience to be the most

desirable. At higher temperature© the curd hardens too rapidly to

allow one to cut it conveniently, and in the subsequent process there

is greater liability to loss of fat.

(2.) Amount of Rennet Extract to Use.—The amount of rennet

extract to use will depend chiefly on its etreogth, other things being
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equal, and this will have to be determined by the cheese-maker with

each new lot of extracl, enii>loying the i-egular rennet test. The

guide to kee}> in mind iu determining- how much rennet to use is

this: Use enough renuet to curdle the milk in fifteen to twenty

miuutes for a quick-curing cheese, and, in ^:hirty to forty minutes,

for a slow-curing cheese. The rennet extracts in common use are

added at he rate of two and one-half to live ounces for 1,000 pounds ot

milk, but generally at the rate of from three to four ounces.

(3.) Method of Adding Rennet Extract.—The rennet extract must

be diluted with twenty to forty times its own volume of water, which

may be cold or at a temperature of 85 degrees F. to 90 degrees F.

The object of dilution is to prevent uneven action of rennet on the

milk. If undiluted rennet extract is added to a vat of warm milk,

the portions of the milk first coming in contact with the renuet

coagulates at once before the rennet has a chance to reach the whole

body of milk. The diluted extract acts much less quickly and gives

one time to mix it uniformly and thoroughly, through the whole mass

of milk. Some makers prefer to dilute the rennet with cold water

instead of warm, on the ground that the cold vrater keeps the rennet

inactive longer and thus gives a longer time in which to mix the

rennet completely through the mass of milk.

Just i)revious to adding the rennet extract, the milk should be

thorougiily stirred, and then the diluted rennet should be poured

into the milk eve«ly from one end of the vat to the other. The milk

is at once gently but thoroughly stirred again so as to mix the rennet

completely and uniformly with it, and the gentle stirring is con-

tinued for several minutes. Then the surface of the milk is stirred

quietly with the bottom of a dipper to keep the fat from separating,

this movement being kept up for about half the time required to co-

agulate the milk but stopping before there is any appearance of

coagulatiom. A cloth is then placed over the top of the vat, if neces-

sary, to keep the surface of the milk from cooling, and the milk

is kept undisturbed while the coagulation takes place. The rennet

does not act instantaneously so as to- show any visible signs, the

first indication of acting being a slight thickening of the milk, shown
by the slowness of drops of milk to fall from a thermometer or

other object dipped in the milk and held up so as to allow the milk

to drip from it. The coagulation goes on gradually until the whole
mass of milk is one solid, continuous chunk of coagulum or curd,

the result of changing milk casein into paracasein. In this process,

the fat-golbules and also the other milk constituents are imprisoned
in the paracasein.

53. Cutting the Curd.

The object of cutting the curd is to permit the whey to go out of

the paracasein. This takes place much more rapidly and completely,



614 ANNUAI, REPORT OF THE Off. Doc.

in proportion as the pieces of curd are smaller. The paracasein, or

curd, as soon as formed, shows a tendency to conUact and this

shrinking naturally forces out the whey, the liquid portion of the

curd. In cutting, the extent of surface, from which the whey can

go out, is enormously increased.

(1.) When to Cut Curd.—It is a point of some importance to know
just when to cut the curd, as this has considerable influence upon

the rest of the operation and upon the amount of fat lost and, so,

upon the yield of cheese. If curd is cut when it is too soft, there

will be large losses of fat and decreased yield of cheese. If th€ curd

becomes too hard before cutting, the whey is removed less easily,

and the qualit}' of the cheese may be injured. The test used to de-

termine when the curd is in the right condition to cut is the follow-

ing: The end of the index finger is inserted obliquely into the curd

half an inch or more and then slowly raised toward the surface;

if the curd breaks apart with a clean fracture, without leaving

email bits of curd on the finger, and the w'hey in the broken surface

is clear a«d not milky, the curd is in the right condition of firmness

to be cut.

(2.) How to Cut Curd.—In pLimitive methods of cheese-making,

the curd was broken into small pieces with the fingers or with any

kind of instrument, and no attention was given to having the small

pieces of uniform size or shape. We now have specially devised

knives for cutting curd, which leave the curd in small cubes about

three-eighths of an inch in diameter. One curd knife is horizontal

(see Fig. 4), with numerous parallel blades; the other is perpen-

dicular (see Fig. 5). Cheese-makers differ in their practice in regard

to which knife to use first, but it is a matter of little or no import-

ance. In using the horizontal knife, it is carefully inserted into the

curd at one end of the vat, care being taken not to jam the curd in

so doing, and is then moved along from end to end until the whole

mass has been cut. The perpendicular knife is then used at once,

cutting not only from end to end of the vat but crosswise also. The

movement of the knife should be somewhat more rapid toward the

end of cutting. The object to be kept in mind in cutting is uni-

formity in size of pieces of curd after being cut. In the case of

very ripe or over-ripe milk, the curd should be cut finer. The fine-

ness is governed largely by the number of times the knives are passed

through the curd.

54. Heating the Curd.

As soon as the curd is cut, the whey begins to go out of it and the

curd settles to the bottom of the vat. If it remains undisturbed,

the cut surfaces of the curd easily reunite and, when we break them
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apart, additional fat is lost. Therefore, as soon as the curd is cut,

the whole mass is kept in gentle motion bj careful haod-stirring

or with a wire basket made for the purpose. Care must be taken

to avoid anj rough treatment that would crush or break the curd

particles, the object of the agitation being simply to keep the par-

ticles of curd moving through the whey and thus preventing their

settling and matting. Pains must be taken to keep the curd from

settling in the corners of the vat or attaching itself to the sides,

since, if left in such places, it will be heated too high later. The

whey should appear clear and be fairly free from small particles

of floating curd. The curd contracts and hardens during this stir-

ring, but the shrinking takes place more quickly upon the outer sur-

face of the curd particles than upon the inside. This hardening

of the out surface prevents the curd particles from sticking together

so readily, but offers some opposition to the further rapid escape of

whey. In order to favor the continuous expulsico of whey, heat is

used at this stage. The term "cooking" is commonly applied to this

part of the operation, but the word is misleading, since we use

only a gentle heat and in no sense '^cook" the curd. The object

of heating is to favor the contraction of the curd and the escape of

whey. The cause of the shrinking of curd is probably due to unioa

of lactic acid with the paracasein, forming a new compound which

has the property of contracting. The heat favors the formation of

this new substance, and the more rapidly it forms the more readily

the curd shrinks and forces out the whey. Heat is applied gradu-

ally and the stirring is kept up constantly. Under normal condi-

tions ,the heat is applied so as to raise the tempertaure of the curd

and whey about one degree in five minutes, and rarely more than

two degrees in five minutes. The heating should be somewhat slower

up to 90 degrees F. than above that poiiit, since the shrinking of

curd takes place less rapidly below than above 90 degrees F. The
contents of the vat should be heated finallv to 98 degrees F. As the

the temperature is increased, the curd jjarticles become less tender,

and toward the end of the heating they can be stirred much more
vigorously without risk of injury. When the temperature of 98

degrees F. has been reached, the curd is allowed to settle to the

bottom of the vat and remain quiet with only an occasional stirring,

until a certain amount of acid has been formed or rather until a

certain amount of the comj)ound of lactic acid and paracasein has

been formed.

55. Removing the Whey from the Curd.

The whey should be removed from the curd when a certain amount
of lactic acid has* combined with the curd (paracasein) or, as the

cheese-maker commonly says, when there is '^enough acid on the
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curd. How can we ascertain this? The behavior of the eiiid will

give us this ueeded information. In the first place, the curd particles

should be contracted to less than one-half their original size, and,

in the second place, they should be so firm and rubber-like that

when a mass of curd is pressed together between the hands and

then suddenly freed from pressure, they should fall apart at once,

and show no tendency to stick together. During the heating, the

particles of curd should be examioed occasionally to ascertain

whether they are changing on the inside as well as outside. The third

sign given by the curd is probably the most useful to go by in de-

ciding when the curd has been heated long enough and when the

whey should be removed, and that is what is known as the ''hot-

iron test." When a small mass of curd, which has been squeezed

in the ha«d to remove whey, is pressed against a bar of iron, heated

a little short of redness, and then carefully drawn away, fine, silky

threads are formed, adhering to the iron. These strings are caused

by the compound of lactic acid and paracasein and the more of this

compound there is, the more the curd will striog in length. So the

hot-iron test is really a measure of the amount of acid that has

been formed. Now, when the curd shows, by the hot-iroo test,

strings one-eighth of an inch long, the whey is drawn from the curd.

The removal of the whey is sometimes called "dipping," or ''draw-

ing," the whe3\ When the development of lactic acid has been

rapid or promises to be, it may be well, when the curd has reached

98 degrees F., to let it settle and draw off part of the whey; leaving

enough to cover the curd two or three inches deep. Then the rest

of the curd can be removed when the curd strings one-eighth of

an inch. Too much acid at this point must be guarded against, and

the whey must be promptly removed when the right point is reached.

56. Cheddaring the Curd.

This operation is the distinguishing feature of the cheddar method.

It consists essentially in allowing the curd to mat or pack together

in solid chunks after the removal of the whey. The matting pro-

cess may take place in the vat directly on the bottom or on curd-

racks placed in the bottom of the vat or it may be removed to a

special apparatus called a curd-sink.

(1.) Matting Curd on Vat-Bottom.—When the bottom of the vat

is used, the curd, after the removal of whey, is piled up along the

two sides of the vat with an open channel between the two piles

of curd to facilitate the running off of the whey that drains from the

curd. When the particles of curd have matted together, forming

one solid mass, it is cut into chunks or blocks ateout 8 by 8 by 12

ioches; these blocks are then turned over so that the part at first
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uppermost comes against the bottom of the vat. Some whey drains

out and then the blocks are piled two deep, care being taken to (urn

in the parts that have been exposed to the air. Later, the curd is

re-piled in still deeper piles. This re-piling continues again and

again, always- observing the precaution to expose to the air the

portions that were turned inside on the previous piling. The object

of this is to keep the heat uniform through the mass.

(2.) Matting Curd on Curd-Ka( k in Vat.—In this case racks are

used, made of wooden slats, just fitting nicely into the bottom of

the vat (see Fig. 6). They are preferably made in four-feet sections.

For their use, the vat is tipped and the curd shoved to the lower end.

One sectio«i of rack is then placed in the empty end of the vat and

a linen strainer thrown over it, the strainer being long enough and

wide enough to come up over the sides of the vat. Then the curd

is piled onto the rack, and broken apart to let the whey escape.

After stirring over several times, it is allowed to mat evenly about

six inches deep. If needed, the second section cao be put in place

and used for the rest of the curd, and then the whole is covered with

the strainer cloth to keep warm and, if necessary, the whole vat

covered with an additional heavy cloth. After ten or fifteen min-

utes, the curd is matted together, when it is cut into blocks and
treated as described above.

(3.) Matting Curd in Curd-Sink.—After most of the whey is re-

moved, the curd and remaining whey are dipped ioto the curd-sink

and allowed to drain. Then proceed to mat, cut, pile and re-pile

as stated above. All things considered, the use of a curd-sink is

advantageous.

Piling curd has a tendency to make a quick-curing, e^oft cheese.

If a slow-curing cheese is desired, the curd should be piled only

a little or none at all, the blocks being simply turned over and
over in a single layer. A curd from very ripe milk should not
be piled much.

Cheddaring, or matting curd, accomplishes two results. First,

the whey is expelled to a considerable extent and, second, the lactic

acid unites with more of the curd, thus changing not only the chemi-

cal composition but the physical condition of the curd. From a

spongy, tough, rubber-like consistency, with a high water content,

the curd changes to a mass having a smooth, velvety appearance and
feeling, and a softer, somewhat plastic, consistency. The texture
also changes so that the curd acquires a peculiar fibrous condi
tion or grain, tearing off somewhat like the cooked meat of a

chicken's breast. Then, in addition, owing also to the increase of

the compound formed by the curd with lactic acid, the curd forms
longer strings on a hot iron, probably an loch or more after the
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fheddariug has continued some time. Usually, when the curd strings

one inch and the other physical appearances of the curd are as de

scribed above, the curd is ready for milling.

57. Milling the Curd.

Milling the curd consists simply in cutting it into small pieces in

order to salt it and handle it conveniently in putting it into hoops

for pressing into a solid mass. Several mills are on the market

for this purpose. . The best machines cut the curd into pieces of

uniform size, without tearing it in pieces. Wheo properly milled,

there is less loss of fat and the curd is more evenly salted. After

milling, the curd is piled up to flatten out the pin-holes and then

stirred enough to keep it from matting together, perhaps every fif-

teen minutes. The time for milling should come about half way
between removing the whey and salting the curd. The breaking

down or softening of the curd continues after milling, as a result

of further formation of lactic acid and its combination with the para-

casein of the curd. When the curd forms strings on a hot iron about

two inches long, it should be salted. During all this time the curd

should be kept warm.

58. Salting and Pressing Curd.

(1.) Salting.—'Salt is added to curd chietiy for the flavor it im-

parts, but the presence of the salt produces several other effects.

It aids in removing whey; it hardens the curd; it checks or retards

the formation of lactic acid'. In the absence of salt a cheese cures

more rapidly and is apt to develop a bitter flavor even at moderately

low temperatures. Excessive salting makes a cheese mealy because

too dry and the cheese cures very slowly.

A salt of fairly coarse grain is preferable for cheese, because it

dissolves more slowly and reaches farther into the pieces of curd.

When the salt is added, the curd is spread out thin in order to cool

to 90 degrees F., and the salt is mixed uniformly through the curd.

Then the curd is stirred until the salt is completely dissolved. In

respect to the amouot of salt to use, the usual amount is two and

one-half ounces to three pounds of salt for the curd made from

1,000 pounds of milk. A moist curd should be salted somewhat
more.

(2.) Pressing.—Before pressing, the curd should be cooled to a

temperature between 78 degrees F. and 84 degrees F. If put in

press warmer than this, the fat runs out and is lost and it also pre-

vents the pieces of curd sticking together perfectly. If curd is

put in press much below 80 degrees F., the pieces do not cement com-
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pletelv and so fail to form a solid mass. The main object of pressing

is to give the cheese a definite form for market and not to squeeze

out whey, though this is done to some extent. The whey should

be removed from the curd while it is in the vat. No amount of pres-

sure can make up for failure to remove the whey at the proper time.

If the process has been properly carried on so as to form a proper

amount of the compound of lactic acid and paracasein, and if the

temperature of the curd, when put in the press, is not much below

80 degrees F., a comparatively light pressure will be sufficient to

cause the pieces of curd to cement together in a smooth, uniform and

solid mass. The pressure should be uniform and continuous for

twenty-four hours. When a screw press is used, the pressure must

be applied gradually at first and care must be taken, especially dur-

ing the first hour of pressing, to tighten the screws as quickly as

they become loose.

When the cheese has been in press about one hour, it is taken out,

turned, the bandage straightened and the entire surface of the

cheese wiped with a cloth wrung out of hot water. Seamless bandage

is used, being cut long enough to extend over the edges on both

ends of the cheese one and one-half to two inches. When the chrese

is put back in press, circular cloth caps are put on between the ends

of the cheese and the follower and are allowed to rejnain.

59. Some Common Troubles of Cheese-Making.

The conditions of temperature present during the cheese-making

process are extremely favorable to the growth of many kinds of

bacteria and, when certain kinds are present, we have undesirable

forms of fermentation, producing abnonnal behavior in the curd and

defective cheese.

(1.) Gas-Forming Fermentations.—One of the common troubles in

cheese-makisig is a ^'floating," or ''gassy" curd. This fermentation

produces gas in the curd and bubbles of gas cause the curd to swell,

filling it with small holes, so that it becomes very spongy. When
the gas is sufQciently abundant, it makes the curd light enough

to float on the surface of the whey. The small gas holes can easily

be seen inside the pieces of curd by cutting across them. They are

usually known as "pin holes," forming a "pin-holey" curd. The
source of this fermentation is commooly lack of cleanliness on the

part of one or more patrons, and the different milks should be

tested by the curd test (see section 48, p. 606), in order to detect

the offending party. However, if one is suspicious of the presence

of such fermentations in the milk, they can usually be prevented

or lessened by abundant use of a starter, developing abucidance of

lactic acid in the curd. It has been found that these gas-forming



C20 ANNUAL REPORT OF THE Off. Doc.

bacteria do not usually develop in the presence of vigorous lactic

acid fermentation. The milk is well ripened before adding rennet

and the temperature used in heating the curd is raised somewhat

more rapidly and two to six degrees higher than usual. The curd

is kept warm after removing whey and the escape of gas is favored

by frequent turning and re-piling of the curd, thus closing the

pin holes. The gas-forming fermentations often produce offensive-

smelling gases. When these are present in curd, they may be

washed out by drenching the curd with hot water. Wheo a float-

ing or spongy curd is not properly treated, the resulting cheese is

defective in texture and flavor, and even when these defects are

prevented, there is extra loss of fat and of cheese yield. Prevention

by cleanliness is the best method of treatment.

(2.) Over-ripe Milk.—In some cases, especially in hot weather,

the milk may have developed too much lactic acid and be on the

verge of souring when brought to the factory. When there is so

much lactic acid at the start, the changes in the curd take place

much more rapidly than usual, or, as the cheese-maker says, the

curd "works fast." Under these conditions, the whey does not

escape from the curd rapidly enough, that is, the curd has not

shrunken enough when it comes time to remove the whey. Under

these conditions, the curd is constaiitly and thoroughly stirred after

the whey is removed and the whey is thus well worked out before

the cheddaring begins. When it is known at the beginning that the

milk is over-ripe, the milk should not be heated to the usual tem-

perature before adding rennet, and a larger amount of rennet is

used. After cutting, the curd is stirred uotil the whey is well

separated before applying additional heat.

60. Sizes of Cheese.

The sizes in which cheeses are made depend upon the special

market in which one's product is sold. The most common size is

15 inches in diameter and weighs from 60 to 65 pounds. Cheeses

of the same diameter and one-half the weight are known as "flats."

Other sizes are 13 and 11 inches in diameter. Cheeses 7 inches in

diameter are known as Young Americas, usually weighing 8 to 10

pounds.
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CHAPTER IX.

CURING CHEESE—QUALITIES OF CHEESE.

The importance of care in managing cheese after it is made has

been seriously overlooked. Until quite recently, little attention

has been given to methods of cheese-curing in this country. The rule

has been and still is, in too many cases, to place the cheese in

some room in the factory that is provided with no means of con-

trolling temperature and moisture, where the variations in these

factors follow the conditions existing out of doors. It is now being

realized that the best-made cheese may be absolutely ruined for

market by lack of care during the curing process. The curing of

cheese is a part of the manufacturing process and must not be

slighted any more than any other important step.

61. Changes Caused by Curiog Cheese.

It is well known that cheese must have age before it is salable

for consumption. What takes place in cheese while it is acquiring

age, that is, while it is curing or ripening? Several different changes

occur, which we will brieflv notice.

(1.) Loss of Moisture.—It is well known among cheese-makers

that cheese begins to lose weight immediately from the time it is

taken from press and placed upon the shelves of the curing room,

and this loss continues for a long time. The rapidity and extent

of loss of moisture in cheese during the process of curing vary with

several conditions, such as (a) the percentage of moisture originally

present in the cheese, (b) the texture of the clieese, (c) the size and

shape of the cheese, (d) the temperature of the curing room, and (e)

the proportion of water vapor present in the air of the curing room.

The more moist a cheese is when first made, the more rapidly it

loses moisture. Cheese with spongy texture loses moisture more
rapidly than does cheese with perfect texture. Large cheeses lose

moisture less rapidly in proportion to their weight thao smaller

cheeses. ''Flats" lose weight more rapidly than cheeses of the

same diameter and twice the height. The higher the temperature

of the curing room the greater the loss of moisture. The greater

the moisture in the air of the curing room the smaller is the loss

of weight.
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(2.) Changes in the Paracasein,—In freshl}' coagulated cheese-curd,

the milk-casein has been changed to ijaracasein, and, with the forma-

tion of lactic acid in cheese, the paracasein unites with the acid

forming a «ew compound. Fresh cheese has always been supposed

to consist entirely of paracasein, except for the fat, moisture and

salt. It has recently been discovered in the laboratory of the New
York (Geneva) Agricultural Experiment Station that fresh or green

cheese instead of containing paracasein, contains the lactic acid com-

pound of paracasein. Now this compound undergoes changes in the

course of ripening, which greatly change the whole character of the

cheese. Green cheese is tough, somewhat rubber-like, not appre-

ciably soluble on the tongue, difficult of digestion, and lacking

flavor. In the course of ripening, the cheese becomes more or less

soft, more easily digestible and acquires characteristic flavors. A
piece of well-cured cheese, when placed on the toogue, should dis

solve somewhat like a piece of cold butter, leaving no trace of harsh

or gritty-feeling particles. Just how the flavor is produced or where

it comes from we do not know with certaintv. In normal cheese-

ripening, the fat undergoes little or no change. The curing process

in cheese involves the change from unmarketable to marketable

conditious. The exact causes of these changes are not clearly known
yet; it is probable that they are due to the combined action of ga

lactase, the enzyme in milk, to the pepsin enzyme in rennet, and to

certain forms of bacteria.

62. Temperature for Curing Cheese.

It has been found that cheese cures more quickly at higher tern

peratures and that, above certain temperatures, the texture and

flavor are unfavorably affected. It was formerly thought that a

temperature of 70 degrees F. was about right for best results. But

it is now known that a temperature of 55 degrees F. or 60 degrees

F. gives very much better results, and it is thought that a tempera-

ture as low as 40 degrees F. may be still better. Cheese cured at

75 degrees F. or above will suffer more or less from leakage of fat.

It may be said with positiveness that cheddar cheese cured above

60 degrees F. does not give cheese of the best quality, either in

respect to general character or in respect to keeping qualities.

Cheese cures more slowly at lower temperatures, but the product

is superior in quality. In addition, at low temperatures, less moist-

ure is lost and one has more pounds of cheese to sell.

63. Moisture in Air for Curing Cheese.

The relative amount of moisture in air can be shown by ao instru-

ment (see Fig. 7), called a hygrometer, or hygroscope, which can be
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purchased at dairy supply houses. The relative amount of moishire

for a curing rooui for cheddar cheese is from Go to 75 per cent; (be

nearer the latter fij,nire the better.

Fis Hygrometer.

64. How to Control Moisture and Temperature in Curing Rooms.

Ordinarily, each factory must provide for itself a suitable kind

of curing room, if it cures its cheese properly. Of course, cheese may
be sold and removed from the factory before it is a week old and the

whole process of curing placed in the haods of the buyer, who
will gain the benefit of the increased value of the well-ripened

cheese. This, however, is better than keeping cheese at the factory

and spoiling it. In some cases several factories may unite to build

a central curiug-house, to which the cheese, while still green, can be

removed from the factory. But, in many cases, the factory is the

place where the curing-room will have to be built if anywhere.

The following statements are, for the most part, condensed from

Prof. F, H. King's Wisconsin Bulletin No. 70. The cuts are from

the same source.

Curing-rooms may be constructed above ground or under ground

and may be of wood or masonry, or a combination. Considering

moderate cost, convenience and efficiency, a curing-room built jf

wood entirely above ground is the most practicable for the average

factory.

(1.) Location.—A curing-room above ground should be placed on

the north side of a building in order to be protected as much as

possible from the direct rays of the sun. It is advantageous also

if the room can be shut otT on the other three sides by hallways, stair-

ways other rooms or building screens.
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(2.) Windows ill ii cui-iDg-room should be as few aud as small

as consistent with the amount of light necessary. They should be

made double, as nearly air-tight as {jossible, and preferably in one

section, fitted closely and permanently in place. If necessary to

exclude direct sunshine, bliiid«» or awnings should be placed outside.

{?>.) The door of a curi-ng-rooni should be built to resemljle that of

a refrigerator.

(4.) Walls should be built like those of cold-storage and ice-houses

The studding outside should be covered with matched sheathing

and drop siding, with a layer of three-ply acid and water-proof paper

between. The paper recommended by Prof. King is manufactured
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Fig. A. Showinsr the construction of wood curingr-room. 1. 1, 1. sill: 2, 2, 2, a two-by-

ten spiked to ends of joist ; 3, 3, 3. a two-by-four spiked down, after first layer of

floor is laid, to toe-nail studs to: 4. 4, 4, a two-by-four spiked to upper ends of stud-

ding of fii'st story. A, A, A, A, three-ply acid and water-proof paper. The draw-
ing in the center shows space between studding filled with saw dust and another
dead-air space to be used when the best ducts cannot be provided,

(From Wis. Agr. Exp, Sta. Bui. 70.)



No. G. DEPARTMENT OF AGRICULTURE. 625

by the Standard Paint Company, New York and Chicago. In the

inside a layei' of matched sheathing is nailed to the studding, then

strips of inch furring two ioches wide, to which are nailed two thicli-

nesses of matclied sheathing, with paper between. The outer air

space between the studding is filled with sawdust or similar material

and the spaces left by the furring are closed air-tight at the ceiling

and door. (See Fig. A.)

oooooo
ccccQoa

c :

Pig. B. Section of cheese-curlug room and horizontal multiple sub-earth duct. A, inlet
to curing room : B. end of sub-earth duct in bricked entrance to factory: C, cross-
section of the multiple ducts: D, E. bricked entrance under funnel at outer end of
sub-earth duct: funnel with mouth Htj inches across; Ct, vane to hold funnel to the
wind; H, ventilating flue with damper.

(From Wis. Agr. Exp. Sta. Bui. 70.)

(5.) Ceiling and floor should also consist of two thicknesses of

matched lumber with paper between, and joints made at corners

should be very tight.

4U—6—1902
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In constructing? curing-rooms two things should be kept in mind;
first, that the walls should be as nearly air-tight as possible in order

to keep out the warmer air outside and, second, that the walls

should be poor conductors of heat. It is advantageous to cover the

inside walls with two coats of shellac.

(0.) Ventilating Hue in ceiling.—It is desirable to provide a tight

ventilating flue in the celling of the curing-room, extending above
the roof. Its diameter may be six to eight inches. It should be
provided with a damper. (See Fig, B, H, I.)

Fig. C. Showine how the funnel and vane may be motinted. A. funnel ; B. shaft of
funnel: O, C, C. 1-iiu-h sras pipe: D, D, 1 14-iiich g.is pipe: R. cap for sujipoft of 1-inch

gas pipe; F. G. H, and M M aad N N are stavs of band iron bolted together and to

the sides of the shaft to support the axis of tlie funnel: J. weather collar to turn
rain out of sliaft. K, L.. baud-iron to stiffen vane and attach it to funnel.

(From Wis. Agr. Exp. Sta. Bui. TO.;

(7.) Methods of Coutrolling Temperature and Moisture in Cheese-

Curing Kooms Placed Above Ground.—After constructing a proper

curing-room, it is essential to provide arrangements for controlling

temperature and moisture. The construction of a curing-room is

only a partial means toward this end. The following methods have

been found elective in keeping the temeprature during summer be-

tween 58 degrees and 70 degrees F. and at the same time modifying
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the moisture content of the air favorably: (a) Ventilation by air

forced through horizontal sub-earth ducts or deep vertical sub-earth

ducts and wells, (b) Ventilating over ice. (c) Evaporation of water.

Fig. B illustrates the construction of a horizontal sub-earth duct,

which should be twelve feet or more below the surface of the

ground and 100 feet or more in length. It is recommended that the

sub-earth duct of three rows of 10-inch drain tile laid side by

^

Fig. D. Showing vertical sub-earth duet. A, brick chamber 2.5 to 30 feet below surface
and 40 inches inside diameter; tile or conductor pipe of galvanized iron: C. main
shaft of funnel

; D. brick chamber at upper end of duct. The circle and section rep-
resent a cast-iron plate to cover brick chamber A, and can be had of King & Walker.
Madison, Wis.

(From Wis. Agr. Exp. Sta. Bui. 70.)
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Bide at the bottom of the trench, or the lieueh may be dug narrower

and one or two feet deeper and the tile placed one above the other.

The shaft for carrying the funnel must be made tight; it may be

twelve inches square, if made of plank, or twelve inches in diameter,

if made of galvanized iron. The height should be sutticieut to enable

the funnel to catch the wind readily. The construction and mounting

cf the funnel are illustrated in Fig. C. The extreme diameter of the

funnel should be about thirty-six inches.

The inlet from the sub-earth duct into the curing-room must be

provided with some arrangement of valves that will permit the air

to be shut off wholly' or partlj'. Too rapid entrance of air in warm
weather will not permit enough cooling during passage through the

duct. In case of dry winds, too rapid entrance would reduce the

moisture too much.

In Fig. D there is illustrated a deep vertical sub-earth duct. Such

a duct has the advantage of requiring less piping and also less

wind will suffice to produce a current of air. The vertical duct

should have a depth of not less than twenty-five or thirty feet,

provided water is far enough from the surface. Thirteen lines

of G-inch drain or 5-inch galvanized iron conductor pipe may be

used and placed as in the cut. The duct should be located near

the north end of the curing-room or directly beneath it. A hanging

platform can be used in placing the pipes or tubes in position and

the earth packed carefully around the pipes. An excavation of

proper size, made as for an ordinary well, will answer the purpose.

After the duct has been placed in jiosition, the earth that has beeo

removed can be used for filling around the duct.

In Canada, considerable work has been done in using ice in curing

rooms to control temperature. Where ice can be obtained conven-

iently and cheaply, this method may be advantageously utilized.

One or more ice boxes are placed in the curing-room, so built that air

can circulate about the ice and into the curing-room. Also com-

partments, filled with ice, may be made adjoining the curing-room

on the side or above, provided with openings into the curing room

which v:ill allow a flow of air over the ice and into the curing-room.

Where special means are needed to secure moisture, this can be

effecavely done by meaos of yard-wide strips of any cloth material

that has good ca]iillary power. The pieces of cloth are hung about

the room and kept more or less saturated with water. Experience

will tell how much evaporating surface is needed to provide the de-

gree of moisture needed.

65. Qualities of Cheese.

Certain qualities of American cheddar cheese have been' idopted

as a basis in judging of the commercial value of one cheese '^- --"
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pared with another. The terms used in expressing these qualities

are the I'ollo\\ing-: (1) Uavor, (I'j body, (3) texture, (4) color and (5)

general appearance.

(1.) Flavor.—^By flavor, as applied to cheese, we mea«i the odor of

the cheese, or really odor and taste combined. The sense of smell

is, as a rule, more sensitive in detecting variations of flavor in

cheese than the sense of taste. Flavor in cheese is said to be

perfect when it resembles that of first-class butter, with an added

something of its own that can not be described. The proper cheese

flavor should be marked but not strong. The flavor should be free

from all other flavors, referring particularly to the more or less

offensive products of uodesiuable fermentations. The taste should

be mild and somewhat lasting, but not be so sharp as to '"bite"

the tongue.

Tainted flavors are numerous in kind and name. They may re-

semble the odor of the cow or the stable; others are characterized

as "sweet and sickish;" others suggest the odor of rotten eggs,

and others putrefactive smells. There is the "oW flavor of rancid

butter, produced by too long keeping under improper conditions.

This list is far from exhaustive.

(2.) Body.—This term, as used in reference to cheese is not easy

to define; it means about the same as substance. A cheese is said

to have a perfect body when it is solid, firm and smooth in sub-

stance. This quality is ascertained by pressing cheese between the

fingers. The body is said to be solid and firm, when it shows a cer-

tain amount of resistance under pressure, somewhat like that of a

piece of fat pork. Vv^hen it does not press down readily aod is

tough, the body is said to be "corky." The body is said to be

smooth when, under pressure between the thumb and fingers, it

feels smooth and velvet-like, as opposed to harsh or gritty or mealy.

The firmness of body may be diminished by excessive moisture or by

large amounts of fat relative to paracasein compounds, while the

smoothness may be increased. The harsh or gritty feeling in cheese

may be produced by removal of fat from milk, by excessive acidity

in milk, by too much salt, or by any couditioo that retards or

prevents the normal ripening of the cheese.

(3.) Texture.—Texture, as applied to cheese, refers mainly to com-

pactness. Uusually the body is considered as a part of texture, but

the two qualities are usually quite distinct. The texture may be

fine and close or porous. The texture is perfect when a cut surface

of the inside of the cheese presents to the eye a solid, compact,

continuous appearance, free from breaks, holes and chunks. A
porous texture of aoy kind is imperfect. When a plug is drawn
from .ne cheese, it should be smooth and not "fuzzy." When the
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plug is broken iii two, it sliould not crumble, but show a flak^- ap-

pearance, termed a ''flinty break," resembling the surface of broken

cast-iron or broken flint. Cheese should show no visible or separated

moisture and no fat, separate from the main body of the cheese.

(4.) Color.—Cheese, whether artificially colored or not, should be

uniform in color and free from a«y mottled appearance. When held

between the eye and the light, it should be slightly translucent.

(5.) General Appearance.—The rind of cheese should be smooth,

free from cracks, and fairly hard. The bandage should be smooth

and neatly and uniformly rounded over the edges about two inches

on each end of the cheese. The sides of the cheese should be straight

and of uoiform height all around. The following scale of poinis

is in use in judging cheese according to these qualities:

Flavor, 45 to 50.

Texture, 30 to 35.

Color, 10 to 15.

General appearance, 5 to 15.

CHAPTER X.

THE RELATION OF MILK TO CHEESE.

For a long time, attention was so completely absorbed by methods

of cheese-making that very little was accurately known up to ten

years ago about the general principles underlying the methods em-

ployed. Less than a dozen years ago we were completely in the

dark in regard to such fundamental facts as the relation of fat

and casein in milk to yield and quality of cheese, the character

and extent of losses of milk constituents in cheese-making, their

causes and remedies, the influence of removing fat from milk upon

i^he composition of cheese, and in general, the detailed relations

existing between cheese and the material from which it is made.

G6. Relation of Composition of Milk to Yield of Cheese.

Not many years ago there was a widely prevalent, if not universal,

belief that all kinds of milk w^ere practically of equal value for the

purpose of making cheese. This belief was based upon two as-

sumptions, (1) that it is impossible to retain the fat of milk in cheese

when the milk-fat exceeds 3| or 4 per cent., and (2) that the amount
of casein is practically the same in all kinds of milk. What are the

actual facts?
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(1.) Proportion of Milk-Fat Lost m Cheese-Making in Different

Milks.—Careful and extensive investigations have shown clearly that

(he amount of fat lost in the process of cheese-making varies com-

paratively little whether the milk contains more or less fat. The

followiiig tabulated summary represents averages obtained with

a very large number of experiments carried on by the writer with

normal milk varying in fat content fiom 3 to over 5 per cent.:
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Per Cent, of Fat in Milk.
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(1.) Clieese-Pi'oduciDg and Whey-Producing Solids in Milk.—Of

the milk constituents, most of the water, albumin and sugar goes

in to the whey, with more or less of the mineral constituecits, to-

gether with small amounts of fat and casein. We may, therefore,

call the albumin and sugar and water whey-producing constituents,

while the casein and fat are cheese-producing constituents. Of

course, some water and small amounts of albumin and sugar go ioto

the cheese. In the following table we illustrate how these different

constituents of milk are distributed in the whey and cheese:

Table Showing Distribution of Milk-Constituents of 100 Pounds of

Milk in Whey and Cheese.

Milk,
Whey.
Cheese,
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c
3
o

c
3
O
Ph
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3
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a
c
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o

100
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in the soliditied mass just where they hapxjen to be at the iustant.

coagulation takes place. When the curd k*iile passes through the

solid mass, large numbers of lat-globules are exposed on every

cut surface, and many of these fall into the whey and so are not

retained in the cheese.

What conditions contribute to loss of milk-fat in cheese-making?

In abnormal milk, when the casein is small in amouut in propor-

tion to fat or when it fails to coagulate normally, there are extra

losses of fat. Any coudiUon that interferes with complete coagu-

lation by rennet, such as marked dilution of milk by water, presence

of preservatives like salt, formalin, etc., is likely to increase loss

of fat. Jarring or stirring the milk after coagulation has com-

menced and before it is completed results in increased loss of fat.

Other conditions causing abnormal losses of fat are cutting the

curd when it is too soft or cutting it too fine; violent, careless and

rapid motions of knife m cutting curd; heating curd too rapidly

or too high; piling curd too much; putting curd to press too warm;
too rapid application of pressure in cheese hoop. Fermentations

producing floating curd, excessive acidity of milk and forms of fer-

mentation that dissolve casein also contribute to losses of fat in

cheese-making.

(3.) Loss of Milk-Casein in Cheese-Making.—The casein lost in

cheese-making is probably lost mostly in the form of fine particles of

coagulated paracasein, which pass through the strainer when the

whey is removed from the curd. These minute particles can readily

be seen by letting a pail of freshly-drawn whey stand until the curd

particles settle, and then pouring off the whey, when a noticeable

quantity of finely-divided curd can be seen at the 'bottom of the pail.

This passage of curd into whey is not entirely avoidable, but is

made needlessly greater by careless or violence io cutting curd

and in subsequent handling, by agitation while drawing off the whey
and by imperfect strainers. Any condition that interferes with

the complete coagulation of milk-casein by rennet causes loss of

casein. Some forms of fermentation convert the casein into com-

pounds not acted on hj rennet or dissolve the curd after coagula-

tion, and thus cause a loss of 0.1-0 to 0.15 pound of casein, and this

loss appears to be quite independent of the amount of casein in

the milk.

G8. Relation of Composition of Milk to Composition of Cheese.

It was formerly believed that cheese of the same composition is

made from all kinds of milk. On this assumption the partial skim-

ming of milk for cheese-making was defended.

(1.) In Normal Milk.—In the following table, we pr(>sent some
dgurcs showing how the change in composition of milks affects the
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composition of the cheese made from those milks, the conditions of

manufacture being the same:

Per cent, of fat In
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in the normal milk the casein is very much below the fat in quantity,

the casein gradually becomes nearer in amount to the fat until

they are equal, after which further removal of fat steadily reduces

the amount of fat below that of casein. These? changed relations

are shown in the last column. In normal milk, there is for one

pound of fat less than two-thirds of a pound of casein. When
1.5 pounds of fat have been removed from the milk, the amounts of

fat and casein in the resulting skim-milk are just equal, or as one

to ooe. After taking out 3 pounds of fat from 100 pounds of milk,

we have left in the resulting skim-milk two and one-half times as

much casein as fat, and, with the removal of 3.5 pounds of fat, the

remaining skim-milk contains five times as much casein as fat.

We have already seen above what elTect this has on the composi-

tion of cheese made from such milk. The casein and water rapidly

increase in the cheese, while the fat decreases. The tabulated fig-

ures below give the practical composition of cheese made from some
of the milks represented i« preceding table:
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salt, is very diffeient from that of whole-milk cheese. Skim-milli.

cheese is usually lacking in fine cheese flavor and is more often

"off in flavor, and usually contains abnormally large proportions

of water. It aequires bad flavors easily. It is usually imperfect in

texture and "•corky"' in body. We also know that cheese made from

milk containing added cream is superior in flavor and other palat-

able qualities to that made from normal milk. As a rule, cheese

made from the milk of Jersey or Guernsey cows is superior to that

made from the milk of Holstein cows. In general, the greater the

proportion of fat to casein in milk the better is the quality of the

cheese made from such milk.

70. Standard of Composition for Whole-Milk Cheese.

How ca-u w'e distinguish whole-milk cheese, commonly called

"full creams," from cheese made from partially skimmed milk?

As a rule, cheese made from normal milk will rarely be found to

contain less than 32 per cent, of fat, even in the green cheese, and,

of course, much less likely to when it comes into market after losing

considerable moisture. Cheese made from normal milk would be

apt to contain less than 32 per cent, of fat only in case of some

aboormal conditions of manufacture, by which the cheese w^as made
to contain an excessive amount of moisture or lose an excessive

amount of fat in the process of making.

Then, again, if we take the solids of the cheese as a basis for

a standard, we find that rarely, if ever, does cheese made from

normal milk have its solids consist of less than 50 per cent, of

fat. Taking the solids of average cheese, leaving the water out

of consideration, we have in 100 pounds of cheese 35.2 pounds of

fat, 22.5 pounds of paracasein compounds, and about 5 pounds of

salt, ash, etc., making a total of 02.7 pounds of solids in 100 pounds

of cheese, the rest being v,ater. Now, of the 62.7 pounds of solids

in 100 pounds of cheese, 35.2 pounds are fat, and this amount is

56 per cent, of the total solids. In this case the fat would have

to drop below 31.5 per cent, in the cheese in order to be 50 per

cent, of the total solids of the cheese.

71. Methods of Paying for Milk for Cheese-Making.

Until ten years ago or less, the universal custom prevailed of

paying for milk at cheese factories by weight alone. This method
was based upon the erroneous supposition that, for the purpose

of making cheese, milk is milk, and that all kinds of milk are of

equal value for cheese-making. The data presented in the preced-

ing pages show by overwhelming evidence that these suppositioos
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are false. We know that milk varies greatly in its composition and

that the cheese-making value of milk varies with its composition.

In paying for milk for cheese-making, absolute fairness can be

realized in every individual case only by a careful, direct determina-

tion of both fat and casein, the two solid constituents of milk that

make cheese, but this is not practicable. However, fat in milk

alone can be used as a fair basis in determining the value of milk for

cheese-making, for the reasons (1) that the amount of cheese made
from dilrerent milks is nearly, not exactly, in proportion to the

amount of fat present in milk, aod (2) that cheese made from milk

rich in fat has a higher quality and market value than cheese made
from milk poorer in fat.

When milk is paid for by weight alone, each patron receives

the same amount of money for 100 pounds of milk, without any

regard whatever for the composition of the milk or the amount of

cheese it will make. The amount of cheese made from 100 pounds
of each kind of milk specified in the table below is Ihe sum of 8.55

pounds aod 10.40 pounds, or a total of 18.95 pounds, which, at 10

cents a pound, brings ISO.5 cents. This is divided equally betv/een

the two patrons, because each furnishes the same amount of milk.

Hence, each receives 94.75 cents for the cheese made from his milk.
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tween the dividends of A and B should be not less than |7.50 for

each cow. That gross injustice is inevitably done, when milk is

paid for bj the weightof-niilk method, must become too obvious to

require further discussion.

72. Calculating Dividends on Milk-Fat Basis at Cheese Factories.

In section 4G, p. G()2, details were given, showing how to calculate

dividends at creameries when payment is made on the basis of the

milk-fat. The same method applies in all details to the calculation

of dividends on the milk-fat basis at cheese factories.

73. Composition of Whey.

Whey varies in composition according to tlie composition of the

milk from which it comes and also according to the conditions of

manufacture employed m cheese-making. The following table gives

the extremes and average of composition of whey, as found in New
York State cheese factories:

cm
si

X!

5
o

Per cent, of water
Per cent, of total solids
Per cent, of fat
Per cent, of casein
Per cent, of albumin, ..

Per cent, of sugar,
Per cent, of lactic acid.

93.04
6.96
0.36
0.10
0.72
4.00
0.20

93.57
6.43
0.23
0.15
0.90
4.50
0.25

92.48
7.52
0.55
0.05
0.45
3.50
0.16

In comparison with skim-milk and buttermilk, we notice in whey
a smaller amount of casein and a little more fat. Whey may be

used as food for calves and pigs, but is better used when sv>'eet and

in connection with other foods. The feeding value of whey has been

estimated to be about seven cents per 100 pounds. It is a good plan

to sterilize whey in the whey-vat and keep the vat as clean as pos-

sible.

74. Composition of Cheese.

We have already studied to some extent the variations found in the

composition of cheese and the causes of these variations, as they

are related to the composition of milk and conditions of manu-

facture. In the table following, we will give the average composi-

tion of cheese in the green condition and the same when ripened in

condition for consumption:
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These figures show very clearly that, of our more common foods,

cheese is among the most highly concentrated.

(2.) Cheese is One of Our Cheapest Foods.—Taking average market

prices and computing the price we pay for actual food materials,

excluding water and waste, we have the following figures, as repre-

senting the cost of one pouod of actual food material in the foods

given:

Fresh fish, $1 30

Oysters, 1 25

Chicken, 82

Eggs, 62

Bibs of beef, 50

Tenderloin beefsteak, 44

Round beefsteak, 42

Cheese, 22

(3.) Cheese furnishes a larger amount of protein than any other

ordinary available food excepting canned and dried meats. Protein

is an extremely valuable food constituent, furnishing, as it does,

material for lean flesh, albuminoids, nitrogenous compounds of the

blood, nerve tissues, tendons, skin, hair, etc. No other food element
can take the place of protein. Cheese contains about one-fourth of

its own weight of protein. The cost of protein in cheese is probably

less than in any other food material, speaking of our American Ched-

dar cheese retailing at 15 to 20 cents a pound.

CHAPTER XI.

METHODS OF TESTING MILK AND ITS PRODUCTS.

76. The Need of Tests.

It is necessary to ascertain the amount of some of the constitu-

ents of milk and of its products in order that we may be in position

to judge the value of the materials in question for one purpose or

another. Thus, at creameries, cheese factories and milk stations,

it is necessary to determine the amount of fat io each patron's

milk, in order to pay for the milk on the basis of the fat content. It

is necessary for a dairyman who would be progressive to know the

amount of fat in the milk of each individual cow of the herd, in

order to know what the value of the cow is to him; because, only by

41—6—1902
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such knowledge can one obtain the most proli table herd. Fre-

quently, in making butter, it is desirable to know the amount of

fat present in cream, also in the case of selling cream. Then, it is

necessai'y, i« butter-making, as previously pointed out (see section

28, p. 44) to determine the amount of acid in cream, frequently, also,

in selling milk, in order to ascertain the approximate age of milk

when it is received by the retailer. Another form of test that

dairymem have occasion to make, especially where they purchase

milk from other parties, is the estimation of solids in milk to find

out if the milk has been adulterated by addition of water or by

removal of fat. From these preliminary statements, it can readily

be seen how important a part the testing of milk and its products

plays in the problems which the dairyman constantly has before

him.

77. The Babcock Test.

The Babcock test is a method for determining the amount of fat

in milk and its products. It was devised in 1S90 by Dr. S. M. Bab-

cock, chief chemist of the Wisconsin Experiment Station. It is

probably not too much to say that, in giving to dairymen this simple

method of finding out how much fat a sample of milk contains. Dr.

Babcock made the greatest contribution to the real progress of

dairying ever made by any one man. There are other tests which

are, more or less, imitations of the Babcock test, but oone that, in

all respects, equals it.

In general, this test is based on the action of strong sulphuric

acid upon milk-casein, albumin and milk-sugar, by w^hich the milk-

fat is released from the influence of these other compounds and

thus is free to collect in one separate mass. In order to hasten the

complete separation of the fat from the rest of the liquid, centrifugal

force is employed.

78. Advantages aod Disadvantages of the Babcock Test.

Before describing in detail the method of employing the Babcock

test, it is desirable to call attention to the special points of its merits

and demerits.

(1.) Advantages.—(a.) The apparatus and materials are inexpen-

sive, both in respect to first cost and also cost of making tests, (b.)

The test is accurate enough for all practical purposes, giving the

real per cent, of fat within two-tenths of one per cent., comparing

most favorably with the most accurate laboratory methods, (c.)

The test is quickly made, requiring less than fifteen minutes, (d.)

The operation of the test is simple and easy. Only one chemical is

used and no chemical training or knowledge is necessary to operate it.
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(e.) Tlie [)ei-ceutage of fat in each case is sliovvn directly to the

eye without special calculatio«)s or reference to tables, (f.) Only a

small amount of milk is required to make the test, (g.) The appa-

ratus does not readily get out of order and chances for accidents are

absent with properly made machines, (h.) One sample or a large

number of samples can be tested at the same time with the same

facility, (i.) The results can be easily confirmed by repetition of

tests, (j.) Completed te»sts can be set aside and will keep for future

reference for a long time, if desired, (k.) The accuracy of the ajjpa-

ratus employed can be easily ascertained. (1.) Sour milk can be

correctly tested, provided it can be correctly sampled, (m.) The

test ca«, with some little modifications, be used in determining the

amount of fat in cream, skim-milk, buttermilk, whey, condensed milk

and cheese, (n.) The test is applicable to all kinds of milk of which

good samples can be obtained, without regard to breed or other con-

ditions.

(2.) Disadvantages.—(a.) Sulphuric acid, which is used in the test,

is a dangerous substance, if handled carelessly. Therefore, its use

requires constant attention and cautioo. (b.) The strength of the

acid must be uniform and so must be examined from time to time,

(c.) The speed of the centrifugal machine used must be properly

regulated in order to secure correct results, (d.) The temperature

of the milk at the beginning and end of the test must be controlled,

(e.) The graduated glassware is sometimes incorrect, (f.) Attention

must be' carefully given to every detail of the operatioo, if correct

results are to be obtained. These disadvantages, it will readily be

seen, are all easily overcome. They are all practically summed
up in the one requirement that careful attention must be given to

all details. Any person who cannot be careful should not try to

use the Babcock test in responsible work, much less should he try

to use any other; in fact, such a person has no place in a creamery
or cheese factory or in any dairy operations.

79. Description of Apparatus and Materials Used in Making Babcock

Test.

(1.) Test Bottles.—The form of bottle used in this test is shown
in Fig. 8. The neck is so graduated that each division represents

two-tenths of one per cent, and five of the divisions represent one

per cent, when 17.5 cubic centimeters or 18 grams of milk are used

in the test. The graduation extends from to 10 per cent., a range

sufficient for all ordinary work with milk. When cheese or cream
is tested for fat. a bottle like that shown in Fig. 18 or 19 is used.

When skim-milk, buttermilk or whey is to be tested, bottles like that

shown in Fig. 20 or 21 should be used according to directions given

hereafter.
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The divisions on the neck of the bottles should be uniform and

the lines run straight across the neck, and not obliquely. When the

numbers or lines become indistinct from having the blackened por-

tions washed olf, they cao be restored b'^- rubbing over the scale

with a lead pencil or with a cloth having a little black paint on it.

Each bottle should be numbered. A convenient way is to have the

number stamped on a copper ring and slip this over the neck of the

bottle.

The accuracy of the scale on the neck of the bottle can be ap-

proximately tested as follows: Fill the bottle to the mark with

water, wipe out the neck of the bottle with a piece of filter or blot-

ting paper and then measure iato the bottle 2 c. c. of water with

an accurate pipette; this should fill the bottle to the 10 per cent,

mark. If bottles vary more than 0.2 per cent, in the w'hole length of

the scale from to 10 per cent., they should not be used.

(2.) Pipette for Measuring Milk.—A pipette like that shown in

Fig. 9 is the form commonly used. This should hold 17.G c. c. when

filled to the mark. This will deliver about 17.5 c. c. of milk or

18 grams. It is important that the pipette should be accurate and

should hold exactly the amount stated above. Other forms of

pipette for measuring either milk or acid are shown in Figs. 11

and 12.

(3.) Measure for Acid.—A cylinder of glass like that shown in

Fig. 10, with a lip to pour from and a single mark- at 17.5 c. c. is

the form commonly used. It is not necessary that this measure

should be completely accurate, since the amount of acid used can

be varied a little without affecting the test. In Figs. 13 and 14 are

shown automatic pipettes which may be used to advantage where

a large number of tests is made daily. This apparatus saves much

time but has the disadvantage of being somewhat expensive and

readily broken unless carefully handled. The automatic pipettes

shown in Figs. 11 and 12 will probably be found to be the most

convenient for the majority of those who use the test.

(4.) Centrifugal Machine.—Various forms of centrifugal machines

have been devised for this work (see Figs. 15, 16 and 17). A wheel

less than twelve inches in diameter should not be used and it need

not exceed twenty inches. A wheel measuring twelve inches in di-

ameter should be made to revolve 1,200 times per minute, while,

for those of larger diameter, a smaller number of revolutions will

suffice, but not less than 700 revolutions per minute should be used

for the larger ones. It is better to use a machine in w^hich the mo-

tion is transmitted by cog wheels, since, when the motion is trans

mitted by belt or friction, there is danger of slipping; and the result

is much less motion than is intended and an imperfect separation
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of fat. Matbiiies Avbic-h carry an even number of bottles are to be

preferred. The best form of machine for use in factories is a steam

turbine machine. Thej have the advantage of maiotaining an even

speed, they keep the bottles hot and supply distilled water for filling.

(5.) Commercial Sulphuric Acid (Oil of Vitriol).—This should have

a specific gravity of 1.S2 to l.So. If the acid is much stronger, the

fat will be dark in color and its amount hard to read. If the acid

is weaker than 1.82, there is liability of some casein remaining un-

dissolved and this will mingle with the fat and make the test un-

i^atisfactory. If the acid is too strong, good results may be secured

by using less. It is best to purchase acid at 1.82 or a trifle above

and not attempt to dilute the strong acid. Dairy-supply houses

should keep acids of the right strength made up in carboys for the

trade. The acid should be kept in tightly stoppered bottles, because,

if exposed to air, it rapidly absorbs moisture and becomes too weak.

The stopper should be of either glass or rubber and, in no case

should a common cork be used, since it would be quickly destroyed

by the acid. Sulphuric acid is extremely corrosive and is danger-

ous to handle except with care. It quickly ruins clothing or leather

on which it falls and seriously burns the skin if left in contact with

the acid for a few minutes. If sulphuric acid gets upon the skin

anywhere, it should be immediately and thoroughly washed with

abundance of water. Too great care can not be exercised in handling

this acid.

80. How to Sample Milk for Testing.

(1.) Conditions Making Sampling Difficult.—Milk that has soured

and thickened or in which cream has risen and dried, so as to

form a clot or skin, is difficult to sample properly and will gen-

erally be found to give low results. The same is true of milk in

which the fat has been partially churned and formed into little butter

granules that rise quickly to the surface. Such churning is liable

to occur in milk that is transported long distances in vessels that

are not full. However, these difficulties are seldom met in milk

that has received careful attention in its preliminary handling.

(2.) How to Take a Sample of Milk for Testing.—The sample to

be tested is thoroughly mixed by pouring the milk from one vessel

to another two or more times, thus making every part of the milk

contain the same amount of fat. If the pipette is Bot dry, when
used, it should be filled with the milk to be tested and then thrown
away before taking the sample for testing. The measuring pipette

(see Fig. 9), is at once filled with milk after the mixing by sucking

up the milk into it, until it reaches above the mark on the stem
of the pipette. Then the forefinger, which must be dry, is quickly
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plcU-ed over the iipiiei* end of the piijette before the milk ruus down
below the mark. A little practice will be required to do this. By
lightening the pressure of the finger on tiie end of the pipette, the

milk is allowed to flow out until it just reaches the marlc on the

stem. If the pipette is correctly made, the quantity of milk in

the pipette is just 17.(> cubic centimeters.

81. Ruoning Milk Sample into Test Bottle.

Having the pipette containing just IT.G c. c. of milk, we now hold

the pipette obliquely, placing its point in the neck of the test bottle

and the milk is allowed slowly to flow down the inside of the neck.

Not a drop of milk should be lost in (his operation. The portion of

milk remaining in the point of the pipetie is removed by blowing

through the pipette before removiiig it from the test bottle. The

pipette should never be held perpendicularly straight over the test

bottle, running the milk straight down in, since the neck may choke

up with milk and run over the top.

82. Adding Acid to Milk in Test Bottle.

(1.) Strength of Sulphuric Acid for Test.—The sulphuric acid to

be used in the Babcock test must have a strength corresponding to

a specific gravity not below 1.82 or above 1.83. If the acid is

stronger, the fat in the final part of the test will be dark in color and

its amount hard to read. If the acid is weaker than 1.82, there is

danger of some casein remaining undissolved and this will mingle

with the fat and make the test unsatisfactory. It is possible to

secure good results with strong acid by using somewhat less, but

it is best to purchase acid of just the right strength. The sulphuric

acid should be kept in bottles tightly stoppered with glass stoppers,

because it rapidly absorbs moisture and becomes too weak in time if

exposed to the air.

(2.) Caution in Haudling Acid.—If, in handling, sulphuric acid

gets on the skin anywhere it should be immediately and thoroughly

washed with abundance of water. Too great care cannot be exer-

cised in handling this acid.

(8.) Measuring Acid and Adding to Milk.—When one has the

samples of milk ready in the test bottles, then the acid measure is

filled to the 17.5 c. c. mark, and from this is poured ioto the test

bottles. The acid being much heavier than the milk sinks to the

bottom of the bottle without mixing, the milk floating on top. Much
care should be exercised in pouring the acid into the test bottle

containing the milk. This is best done by holding the bottle in an

inclined position, so that the acid will follow the inside walls down
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to the bottom of the test hotlle and not drop through the milk in

the center of the bottle; and, moreover, unless this is done, the neck

is liable to choke up ai)d cause the acid to overtlovv on one's hands.

Failure to observe this precaution will generally cause blackening

of the fat. The pouring should be slow and steady. It is well,

also, while pouring in the acid, to lurii the test bottle around slowly

so that the acid may successively come in contact with the different

portions of the inside walls of the neck and wash down any milk

adhering. Unless this is done, some milk may remain in the neck,

in which case its casein will be precipitated and not redissolved

aud thus the fat will contain particles of casein.

(4.) Mixing Milk in Test KoHle.—As soon as the acid has been

measured into the test bottle, the acid and milk should be thoroughly

mixed. This is best done by giving the Irottle a rotary motion,

with gentle shaking. Much motiof) up and down should be avoided,

since milk may be thrown up into the neck beyond the reach of the

acid and undissolved casei>a resulting from this will mix with the

fat; and ,then, violent motion up and down might throw some of the

acid out upon one's hands or clothing. When the acid and milk

first mix, the casein is precipitated in a more or less solid mass,

which gradually redissolves. The mixing once begun should con-

tinue mitil one has made certain that the casein is entirely redis-

solved. The chemical action of the acid upon the compounds of the

milk produces much heat and, as stated above, the solution, at

first yellow, changes gradually through varying shades of yellow

and brov»n to a dark-brown color, provided the acid is not too

strong. This color is due mainly to the charring or partial burning

of the milk-sugar by the acid. Samples of milk that have beea

preserved for some time with potassium bichromate or formalin

require rather more time and agitation for redissolving the casein

than do samples of fresh milk.

83. Whirling Test Bottles.

(i.) Whirling the Bottles.—The test bottles containing the mixture
of milk and acid should be placed in the machine and whirled

directly after the acid is added. An even number of bottles should

be whirled at the same time, and they should be placed in the

wheel in pairs opposite to each other, so that the equilibrium of

the apparatus will not be disturbed. ^A'hen all of the test bottles

are placed in the apparatus, the cover is placed upon the jacket,

and the machine turned at the proper speed, 600 to 1,200 revolutions

per minute, according to diameter of tester, for about five min-

utes. The test should never be made without the cover being
placed upon the jacket, as this not only prevents the cooling of the
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bottles when they are whirled, but in case of the breakage of

bottles may protect the face and eyes of the operator from injury by
pieces of glass or hot acid. The machine should be frequently

examined to make certain that there is no slipping of belts or

frictional bearings which may cause too slow motion and result in

an imperfect separation of the fat. Managed in this way no extra

heat is required, as that caused by the chemical action is sufficient

to keep the fat liquid. If the bottles have stood, after the acid

is added, until the contents are cooled below 100 degrees F., they

should be warmed to about 200 degrees F. by placing them in hot

water before whirling.

(2.) Filling the Bottles with Hot Water.—As soon as the bottles

have been sufiiciently whirled, they should be filled only to the neck

with hot water. If practical, distilled or rain water should be used

for the purpose. The bottles are most conveniently filled by placing

a vessel containing boiling water above the machine, and by moans
of a syphon made from a small rubber tube with a glass tip, run

the water directlv into the bottles without removing them from

the wheel. The flow of water can be perfectly controlled by a

pinch-cock upon the rubber tube. If only a few tests are to be

made, the bottles may be easily filled with a pipette, or by pour-

ing from a graduate. The cover should then be replaced and the

machine turned for about one minute, after which the neck of each

test bottle is filled with hot water to the upper limit of the scale

or nearly so, and the whirling is then repeated for another minute.

Unless the hot water is added in two portions, the fat is often apt

to be mixed with particles of various impurities, which render

the reading uncertain.

84. Measuring Amount of Fat.

After the last whirling is completed, the test bottles are removed

from the machine and placed in water which has a temperature

between 140 degrees and 150 degrees F. The per cent, of fat is

read at this temperature. To measure the fat, hold the test bottle

upright, having the graduated scale on a level with the eye; notice

the divisions which mark the highest and lowest limits of the fat.

The difference between gives the per cent, of fat directly. The read-

ing can easily be taken to half divisions or to one-tenth of one per

cent.

The line of division between the fat and the liquid beneath

is nearly a straight line and no doubt need arise concerning the

reading at this i)oint, but, the upper surface of the fat being

concave, errors often occur by reading from the wrong place. The

reading should be taken at the line where the upper surface of
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Fig. 24. Farrington's test.

Fig. 18. Fig. 19.

Cream bottles.

Fig. 22. Composite test sample rack.

Fig. 20. Fig. 21.

Bottles for skim-milk, whey, etc.

Fig. 23. Mann's.
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the fat meets the side of the tube and not from the surface of fat

in the center of the tube nor from the bottom of the dark line caused

by the refraction of the curved surface.

The reading- may be made \Yith less liability of error by meas-

uring the length of the column of fat with a pair of dividers one

point of which is placed at the bottom and the other at the upper

limit of the fat. The dividers are then removed and one point being

placed at the o mark of the scale on the bottle used, the other

will be at the per cent, of fat in the milk examined.

Sometimes bubbles of air collect at the upper surface of the

column of fat and prevent a close reading; in such cases a few

droijs of strong alcohol (over 00 per cent.) put into the tube on top

of the column of fat, will cause the bubbles to disappear and give

a sharp line between the fat and alcohol for the reading. When-
ever alcohol is used for this purpose ,the reading should be taken

directly after the alcohol is added, as after it has stood for a time

the alcohol partially unites with the fat and increases its volume.

Whenever the fat is not quite clear, more satisfactory results

may be obtained by allowing the bottles to stand until the fat has

crystallized, and then warm them by placing the bottles in hot

water, before taking the reading.

If the column of fat is less than about one division, as will often

happen with skim-milk and buttermilk, it may assume a globular

form instead of a uniform layer across the tube; v/hen this occurs

the fat can usually be estimated with sufficient accuracy by simple

inspection, but in such cases it is better to use specially constructed

bottles, like those illustrated in Figs. 20 and 21.

85. Testing Cream by Babcock Test.

Accurate results can be obtained by the Babcock test in ascer-

taining the amount of fat in cream, but much greater care has to

be taken in sampling cream. Cream that is sour, or that has been

exposed to air until the surface has dried, cannot be accurately

sampled. The same is true of centrifugal cream that is badly

frothed. Sweet cream, from Cooley cans, that is not too thick to

flow readily from the pipette may be tested with satisfactory results.

The process, however, must be modified slightly from that used

with milk, as the amount of fat in cream is so large that it can-

not be measured in the ordinary test bottle, if the usual quantity

is taken for the test, besides a much greater error results from the

creaLn which adheres to the pipette than with milk. Both of these

difficulties may be overcome by takiag two or three test bottles

and dividing the test sample between them into as nearly equal por-

tions as can be judged by the eye. The pipette is tben filled with

39
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water and this is run into the tubes in the same waj as the cream.

If three bottles are taken the pipette is filled with water a second

time and emptied into the bottles as before. This serves to rinse

the cream from the pipette, and at the same time to dilute it to a

point where it can be tested in the same way as milk. The bottles

are them treated in the usual manner, and the reading of the tubes

added together for the per cent, of fat in the cream. The neces-

sity of dividing the sample of cream as directed above may be

avoided by the use of the special test bottle shown in Figs. 18 and

19. Cream may also be tested in I he ordinary bottles by diluting

it with three times its volume of water and proceeding in exactly

the same manner as with milk, the reading being multiplied by

three.

Owing to the low specific gravity of cream, the test sample,

if of the same volume, will weigh less than that of milk, and con-

sequently the per cent, of fat as shown by the scale will be less

than is found by gravimetric analysis, in proportion as the weight

is less than 18 grms. Where a delicate balance is available, this

error may be entirely avoided by weighing the cream used in a

test, and calculating the per cent, of fat by multiplying the scale

reading by 18, and dividing the product by the weight in grams of

cream taken.

If 17.6 c. c. of cream are taken and the portion adhering to

the pipette is rinsed into the test bottle, a close approximation of

the true result may be obtained without weighing by correcting

the scale reading as follows: For a scale-reading of 20 per cent.,

add 0.25 per cent.; for a scale-reading of 15 per cent., add 0.1 per

per cent. Readings between these may be corrected in proportion.

Below 10 per cent, oo correction is necessary.

Cream may be tested in the ordinary bottles in the manner pro-

posed by Mr. Winton, in Bulletin 108, of the Connecticut Experi-

ment Station, by using a pipette having a capacity of 6.04 c. c,

which will deliver about 6 grams of average cream or one third

of the weight of the usual sample. When tbis pipette is used,

about 12 c. c. of water should be added to the cream in the bottle

before adding the acid. The usual amount of acid should be taken

and the test completed in exactly the same way as with milk. The
reading should be multiplied by three to obtain the per cent, of fat

in the cream. No correction for the specific gravity is necessary

when this pipette is used.

86. Testing Skim-Milk, Buttermilk and Whey.

With all products like the above, which usually contain less

than one per cent, of fat, more accurate results are obtained by the
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use of a special test bottle like that iii Fig. 20 or 21. Less acid is re-

quired for whe}' than milk.

If o«ily traces of fat appear iu the ueck of the bottle, the fat in

the milk examined may be nearly 0.1 per cent, and this reading

will be more nearly correct than estimates of from .01 to .05 per

cent., which often appear in (he agricultural papers. The reason

for this is that minute quantities of fat are either dissolyed or not

separated by the method. The amount of fat lost in this way is

about the same for all milks; it is compensated for when suffi-

cient fat is i)resei!t to form a complete layer across the neck of the

bottle by readiog to the point where the fat meets the glass instead

of at the concave surface.

87. Testing Condensed Milk.

The estimation of fat in condensed milk is accomplished in ex-

actly the same way as with cream. As a rule, condensed milks

are so thick that it is impractical to measure the test sample di-

rectly with a pipette. This difficulty may be overcome by care-

fully diluting the milk with a known volume of water, making

the analysis of this and correcting the result for the quantity of

water added. The best method is to weigh the sample into a test

bottle, taking about 8 grams, and after adding about 10 c. c. of

water, completing the test in the same manner as with milk, the

per cent, of fat being obtained by multiplying the reading by 18

and dividing the product by the weight, in grams, of the substance

taken. The results are satisfactory.

88. Testing Cheese.

The examination of cheese is not as satisfactory as that of other

dairy products. The chief reason for this is the unequal distribu-

tion of moisture and fat in the cheese, making it very difficult to ob-

tain representative samples. On account of this, tests made from
different parts of the same cheese, especially if it be very rich, often

vary as much as two or three per cent, in the amount of fat found.

To avoid this as much as possible, samples should be taken in a uni-

form manner.

Where the cheese can be cut, a narrow wedge reaching from the

edge to the center of the cheese, will more nearly represent the

average composition of the cheese than any other sample. This

may be chopped quite fine, with care to avoid evaporation of water,

and the portion for analysis taken from the mixed mass. When
the sample is taken with a cheese trier, a plug taken perpendicular

to the surface, one-third of the distance from the edge to the center

of the cheese should more nearly represent the average composition

than any other. The plug should either reach entirely through
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QV; ouly half throu<ili the cheese. For inspection purposes, the rlud

maj be rejected but for investigations ,where the absolute quan-

tity of fat in the cheese is required, the rind should be iiicluded

in the sample. It is well, when admissible, to take two or three

plugs on dift'erent sides of the cheese and, after splitting them
lengthwise with a sharp knife, take portions of each for the test.

For the estimation of fat in cheese, about 5 grams should be

carefully weighed and transferred as completely as possible to a

test bottle. From 12 to 15 c. c. of hot water are then added and

the bottle shaken at intervals, keeping it warm, until the cheese

has become softesied ,and converted into a creamy emulsion. This

may be greatly facilitated by the addition of a few drops of strong

ammonia to the contents of the bottle. After the contents of the

bottles have become cold the usual amount of acid should be added

and the bottles shaken until the lumps of cheese have entirely dis-

solved. The bottles are then placed in the machine and whirled,

the test being completed in the same manner as with milk. To
cbtain the per ce«iL of fat, the reading should be multiplied by IS

and divided hj the weight, in grams, of cheese taken.

89. Testing Composite Samples at Creameries and Cheese Factories.

Provide a pint or quart fruit-jar for each patron, on which shall

be a name or number distinguishing each. In each jar place about

as much powdered potassium bichromate as can be held in the

empty shell of a 32-oz. cartridge or about as much as one can

place on a silver dime; this will keep the milk from souring.

Provide a small tin cylinder holding one or two ounces of milk

when filled to the brim, provided with a handle of convenient length.

When a patron delivers his milk, pour it into the weighing can

from a height sufScient to secure thorough mixing of the whole,

and immediately, before weighing, insert the small tin cylinder,

fill with milk to the brim and transfer to the fruit jar set aside

for that patron's milk. In case this pouring does not mix the milk

thoroughly ,then stir the milk in the weighing can with a long-

handled dipper. This is repeated each day for six or seven days

with the milk of each patron. Whenever a fresh sample of milk

is placed in the jar, it should be mixed with the milk already in

the jar by giving the jar a rotary motion. If this is not done, the

cream which separates is liable to adhere tenaciously to the sides

of the jar and make it difficult to take an accurate sample w^hen

the test is made. Whenever an additional sample of milk is put

into a jar, it should be immediately and tightly closed. The jars

should be kept in a cool place during the week. If kept too warm,

the cream becomes hard and cannot readily be mixed back into

the milk, which will cause law results in the test.
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The quantity of potassium bichromate suggested above should

be euough to keep the milk sweet for a week. In case one finds

at any time that the amount does not prevent souring, then one

should use more.

If milk is delivered that has firm clots of cream in it, then mix

the sample in the weigh can with a dipper and take out a small

portion which can be poured from one vessel to another until the

clots disappear, after which take out a tin cylinder full and transfer

to fruit-jar.

At the end of a week, one has in each fruit-jar a sample of milk

which represents the milk delivered during that week. By test-

ing this one sample, one secures the same results he would secure

by testing the milk every day. This kind of a sample is known as

a ''composite sample."

90. Testing Acidity of Milk and Cream.

(1.) General Principles upon Which Acid Testing is Based.—The

method of testing acidity in milk or cream is based upon the chem-

ical action taking place between acids and alkalies. For example,

if to any acid we add an alkali we change the acid and alkali both

into a third compound, each of the others disappearing as acid or

as alkali. Thus, suppose to some lactic acid we add some solution

of caustic soda in just the right proportion, we then have neither

lactic acid nor caustic soda, but a new compound formed by the

union of lactic acid and sodium. To find out when a substance

is acid or alkaline or neutral, that is, neither acid nor alkaline, we

use some third substance, which is called an indicator. One very

useful substance to use as an indicator is a chemical compound

called ijlienol])lithaleln. When this substance is added to an alka-

line solution, it turns pink, while, in an acid or neutral solution,

it is colorless. For use 10 grams of phenolphthalein are dissolved in

300 c. c. of 90 per cent, alcohol, and a few drops of this are used.

Now, what use can be made of these facts in ascertaioing the

amount of acid in milk or cream? We will illustrate: To a measured

amount of cream we add some phenolphthalein as indicator, and

then to this cream add some caustic soda solution, so prepared that

we know just how much caustic soda it contains. We add the

caustic soda, stirring the cream after each addition, until finally

a pink color appears and does not go away oo continued stirring.

The appearance of the pink color means that enough caustic soda

has been added to combine with all the lactic acid in the cream.

Now, we know just how much caustic soda was required to equal

the acid in the cream and from this we know the amount of acid

in the cream. For dairy work, the caustic soda is prepared in



654 ANNUAL, REPORT OF THE Off. Doc.

such a waj that a certain amount of it equals one per cent, of lactic

acid. The two commo« forms of acid test are those devised by

Mann and by Farrington.

(2.) Mann's Acid Test.—Measure exactly 50 cubic centimeters of

the cream or milk into a clean porcelain cup or a glass. Add a few

drops of phenolphthalein and then let in some of the "neutralizer"

(Mann's name for the alkaline solution), from a burette, previously

filled to the zero point. A pink color appears, but disappears on

stirring. Continue to add the alkali carefully, stirring the cream

or milk all the while. It will be noticed, sooner or later, that the

pink color disappears more slowly after each addition of alkali.

Finally, a point is reached when the pink color does not disappear

even after considerable stirring. Add no more alkali. Then look at

the burette and see how many cubic centimeters of alkali have been

used. Suppose 30 cubic centimeters of alkali have been required

to use up or equal the lactic acid in the cream, then multiply 30 by

.018 and the result is 0.54, which is the per cent, of lactic acid in

the cream or milk used. (See Fig. 23.)

(3.) Farrington's Alkaline Tablet Test.—In this case, the alkali

and phenolphthalein are mixed together in the form of solid tablets.

In using this method, one first puts five tablets into a graduated

100 cubic centimeter cylinder and tills this up with water to the

97 c. c. mark with clean soft water, distilled water if possible. The

cylinder is then tightly corked and laid on its side until the tablets

dissolve. The cylinder must be kept tightly corked, so that none

of the solution can be lost while the tablets are dissolving. The

solution will be good to use for twenty-four hours after being pre-

pared. Solutions more tha« a day old should, therefore, not be used.

The solid tablets will not change if kept dry. (See Fig. 24.)

In making the test, the cream or milk to be tested is thoroughly

mixed and then measured into a porcelain cup with a 17.6 c. c.

pipette. This pipette is rinsed once with water, and the rinsings

are added to the cream in the cup. Then a few c. c. of the tablet solu-

tion prepared as above directed are poured from the cylinder into the

cream and thoroughly mixed with it. The tablet solution is added
in small quantities until the pink color in the cream or milk lasts

for some time. Now, look at the cylinder and see how many c. c.

of solution have been used. One c. c. of tablet solution stands for

.01 per cent, of lactic acid. Thus, if 20 c. c. of solution are used,

there is .20 per cent, of lactic acid; if 50 c. c. are used, the lar-tic

acid is .50 per cent.
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91. The Use of Lactometers iu Testing Milk.

(1.) The Specific Gravity of Milk.—By ihe specific gravity of milk,

we mean the weight of a given bulk of milk as compared with the

weight of an equal bulk of water at the same temperature. For

illustration, suppose we have a vat which, when just full of water,

contains exactly 1,000 pounds of water. Now, if we fill such a vat

full of milk, this amount of milk will weigh about 1,032 pounds, be-

cause the milk contains beside the water iu it several solid sub-

stances heavier than water. Hence, we say the specific gravity of

average milk is 1.032. Since the specific gravity of milk depends

upon the amount of these solids in it heavier than water, then

specific gravity will be found to vary, because we know that the

amount of solids in milk varies considerably. So, we find some milk

with specific gravity below 1.030, while that of other milk is above

J.035. The casein, albumin and milk-sugar are heavier than water.

Since milk-fat is lighter than water, the more milk-fat we have

in milk in proportion to the other solids, the lower is its specific

gravity. By adding cream to milk, we make its specific gravity

less than that of normal milk; on the other hand, by removing fat

from milk, we increase the specific gravity, because we remove what

it lighter and leave what is heavier than water. The addition of

water to normal milk lowers the specific gravity. Thus, it is easily

possible by removing cream from normal milk to increase the specific

gravity and then, by adding water in right amounts

lower the specific gravity back to that of the norraal

milk. The addition of sugar or salt to milk increases

its specific gravity. Since water used to be the most

common adulterant of milk, it was thought that adul-

teration could readily be detected by ascertaining the

specific gravity.

(2.) Quevenne Lactometer.—A lactometer is an in-

strument used for measuring the specific gravity of

milk. The Quevenne lactometer has a scale divided

into 25 equal parts, going from 15 to 40. Each divi-

sion is called a degree. These divisions correspond to

those on an ordinary hydrometer, ranging from 1.015

to 1.040. The Quevenne lactometer is graduated so as

to give correct readings at 60 degrees F. For other

temperatures the reading must be corrected by adding

.1 for each degree above GO degrees F., or by substract-

ing .1 for each degree below 60 degrees F. So, when,
Fig. 25.

(Dii ftvp.n Tiff's

this lactometer is used, the milk should be at 60 de- lactometer and

grees F., or else the correction must be made. If the "^coTbineT'"
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Quevenne lactometer settles in milk at 60 degrees F. to the point

marked 29, it means that the specific gravity is 1.020, the lowest

limit allowed for normal milk. (See Fig. 25.)

(3.) Board of Health Lactometer.—Many city milk inspectors in

the eastern and middle States used the so-called New York Board

of Health lactometer. This does not give the specific gravity of

milk directly, as does the Quevenne lactometer, but the scale is

divided into 120 equal parts, the mark 100 being placed at the

point to which the lactometer sinks when lowered into milk having

a specific gravity of 1.029 (at 60 degrees F.), this being taken as

the lowest limit of specific gravity in the case of normal milk of cows.

The zero mark on the scale shows the point to W'hich the lactometer

will sink in water. The distance between these two points is divided

into 100 equal parts and the scale is continued below the mai'k

to 120; 100 degrees on the Board of Health lactometer corresponds

to 29 degrees on the Queveune lactometer, and the zero mark for

both is 1, the specific gravity of water; hence, we can change the

degrees on the Board of Health lactometer into degrees of the Que-

venne lactometer by multiplying the readings of the Board of Health

lactometer by .29. Tables are often given showing the equivalents.

(4.) Value of Lactometer in Detecting Adulterated Milk.—The

value of the lactometer in detecting adulterated milk was formerly

greatly overestimated. Taken by itself, the lactometer is thoroughly

unreliable and misleading. Its proper use in milk inspection is

simply to indicate whether a sample is suspicious and ought to be

further investigated by detailed chemical analysis. As pointed out

above, a milk could be both skimmed and watered and yet the lac-

tometer would show it to be entirely normal.

(5.) Use of Lactometer in Estimating Solids of Milk.—By finding

out the specific gravity and per cent, of fat in milk, it is possible,

by making a few calculations, to ascertain quite closely the amount
of total solids in milk and the solids-not-fat. Babcock has given

useful rules for this purpose, which are as follows:

Rule 1. To find the per cent, of solids-not-fat in milk, add two-

tenths of the per cent, of fat to one-fourth of the lactometer reading.

Rule 2. To find the per cent, of total solids in milk, add one and

two-tenths times the per cent, of fat to one-fourth of the lactometer

reading.

These rules give good results when applied to lactometer readings

between 26 and 36 and to milk containing 2 to 6 per cent, of fat.

Example 1. A milk contains 4 per cent, of fat and the Quevenne

lactometer reading is 32. What it the amount of total solids in

the milk?
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We multiplj the amount of fat, 4, by 1.2; it equals 4.8. Then, we
find one-fouith of the lactometer reading (32), which equals 8. Then

we add 4.8 and 8 and get the result, 12 8, as the amount of total

solids in milk.

CHAPTER XII.

SPECIAL. DAIRY PRODUCTS.

In America most of our milk is consumed in one of the following

forms: (1) Directly as milk, (2) as cream, (8) in the form of butter,

and (4) in the form of cheese. To some extent, there are, in addi-

tion, special products prepared from milk for a more or less limited

market. Some of these special products are fioding an increasing

importance in trade and others promise to become additional sources

for the increased use of consumers in those special forms. In some

of these special dairy products, it is easily possible for an enterpris-

ing dairyman to create a local trade.

92. Special Milk Preparations.

(1.) Blended Milk is modified normal milk, made from normal milk,

(a) by adding cream or (b) by removing a limited amount of fat,

or (c) by adding a limited amount of fresh skim-milk, or (d) by adding

cream and skim-milk at the same time. It is a violation of the

statutes of many States to sell blended milk as normal milk, except

when cream has been added to normal milk. Blended milk, how-

ever prepared, is really a special preparation and should always

be sold, not as normal milk, but as a special preparation with a

guarantee as to its composition. The most common form of legiti-

mate blended milk is the addition of cream to normal milk to such

an extent as to bring the fat io the milk up to five per cent. The
advantage of such milk is its uniformity in composition. It is

usually supplied to a limited trade at higher prices than prevail

for normal milk. Generally ,such milk is also prepared under every

precaution of cleanliness from the stable to the delivery to the con-

sumer. When thus prepared, it is often called "sanitary" milk,

and each bottle is labeled with a guarantee of purity.

(2.) Modified Milk is milk so prepared as to make It resemble

human milk in composition as nearly as possible. Such preparations

are made in milk laboratories and their consumption is largely con-

42—6—1902
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fined to cities and hospitals. Such milli should be used only by

the prescription of a physician. In general, cows' milk contained

more fat and sugar, and less casein, albumin and ash than human
milk. The following description serves to give an idea of how such

preparations are made. The milk is cooled at once after milking,

its amount of fat determined, and it is then diluted with an equal

bulk of boiled water. This mixture is then run through a separator.

By this process the liquid coming from the cream spout can be made

to give a product higher in fat in relation to casein and albumin than

in the normal cows' milk and closely approximating their amounts

in human milk. To 100 pounds of this product are added about

two pounds of milk-sugar.

(3.) Condensed Milk is usually prepared by evaporating water from

normal milk in vacuum pans to a pasty consistency. Uusuall}',

more or less cane sugar is added to it and, when so treated, it is

often called "conserved" milk. Onlv milk that has been carefullv

produced in respect to cleanliness is used for condensing. The fol-

lowing analyses give the composition of some condensed milks:
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an extract of sage leaves, impartiDg a cbaracteriotic flavor and light

greenish color. P'meapple cheese is a firm, solid cheese, pressed

into a shape resembling a pineapple. Amefincan NeMfchatel cheese

is a soft cheese, with a rather high water content, made from sweet

normal milk; it must be consumed at once within two to four weeks

after being made. It comes into market in snmll round forms, covered

with paper and then tinfoil. FluladeJphia cream cheese is a soft,

moist cheese, somewhat resembling Neufchatel, but is made from

cream aod put on the market in thin, flat cakes, wrapped in parch-

ment paper. There are also made in America, Edam, Limburger,

Swiss, Brie, Camenbert, Gouda and other varieties. Primost or tchf^y

cheese is practically condensed whej', containing added cream, and

pressed in the form of brick-shaped cakes. Cheese-Food is a form

of cheese that contains all the solid constituents of milk. It is

made in Wisconsin. In preparing it, ao ordinary cheddar cheese

is first made and cured; to about 100 pounds of this is added whey,

evaporated to a syrupy' consistency, from about 1,000 pounds of

fresh whey. The mixture of cheese and evaporated whey is ground

to a pasty consistency and pressed into cakes of convenient size.

This cheese-food has good keeping quality and is very palatable,

being mildly cheese-like in flavor and sweetish in taste. There are

two other preparations to which more precise attention is called,

because they offer to small factories and farm dairies an oppor-

tunity for working up local trade. These are cottage cheese and

potted cheese, or club cheese.

(1.) Cottage Cheese is known under several names, such as Dutch
cheese, pot-cheese, schmierkiise, etc. Much of what comes into

market is poorly made; properly made, cottage cheese is a delici-

ous and nutritious article of diet, which can be readily eaten by
many people who are unable to digest other cheese. Cottage cheese

is usually made from skim-milk or buttermilk. The milk is allowed

to sour, this process being hastened, if desired, by keeping the milk

at a temperature of 80 degrees F. until well coagulated. If allowed

to stand too long, the curd is likely to become soft and mushy in

consistency and too sour in flavor, resulting in an unsatisfactory

product. When well coagulated, the temperature is gradually raised

and the coagulated mass is stirred, thus breaking the curd into

small pieces, from which moisture is more readily expelled. The
temperature is gradually raised to 120 degrees F. and the stirring

is continued. When the curd is sufficiently firm, it is allowed to

settle. Then the whey is removed and the curd dipped into a
cloth strainer that can be suspended, and the excess of whey is al-

lowed to drain from the curd, the process being facilitated by oc-

casional stirring. After becoming sufficiently dry, the curd is salted
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to taste, and, if a desirable article is to be made, it should have

mixed into it a little cream or melted butter. It can be put up in

various forms for the nuirket, the chief requirement being that it

shall have an attractive appearance.

A cottage cheese of less acid character can be made by taking

milk that'is only mildlv sour and using a little rennet extract to

hasten the coagulation. In this case the temperature used in ex-

pelling the whey need not be so high.

(2.) Potted Cheese^ or Ciuh Cheese.—This is on the market under

various brand names, such as Club House, Canadian Club, Meadow
Sweet, etc., being put up in small jars. This cheese is very easily

I)repared on a small scale. Take a piece of any good well-ripened

cheese, pare off the rind, cut the cheese into small chunks and pass

them through a meat-grinding machine. To the cheese thus ground,

one adds one ounce of melted butter of good quality for each pound

of cheese and works it through the cheese until thoroughly incorpor-

ated. Then take small jars or jelly glasses, cover the ioside with

a layer of melted butter and pack into them the cheese, filling nearly

level full. Then cover the exposed surface with melted butter and

put over this a cover of paper. Set away in a cool place until

wanted for use. The writer knows of cases where small dairv farms

make cheese and put the product on to the local market in this form

with great success. Any housekeeper can easily put up cheese in

this way. Cheese put up in this way has, for the consumer, several

advantages, since it does not dry out before being used up, is in con-

venient form to set directly on the table, is exceedingly palatable

and is soft enougli to be spread on bread or crackers, if desired.

94. Special Dairy Beverages.

The value of whole-milk, of skim-milk and of buttermilk as bev-

erages has been long well known, supphing, as they do, readily

digestible nutrition and quenching thirst, at the same time. There

is one preparation of milk which deserves more attention as a com-

mon beverage that it has received, and that is koumiss, prepared

from cows' milk. Its use is now largelv confined to invalids, but

it is a most desirable beverage for w^ell people. In no form of prepa-

ration does milk seem so easily digestible, even in weak stomachs,

as in the form of koumiss. People can drink hnnniss. who can not

use ordinary milk. It can be easily prepared in any household and

any dairyman could work up a good local trade in it, after once

getting a start. Many people do not like koumiss at first, but readily

acquire a taste for it and become exceedingly fond of it. A good

article of koumiss can be prepared, on a small scale, as follows:

To three quarts of fresh milk, add three level tablespoonfuls of
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ordinary granulated sugar and one fresh compressed jeast cake

(Fieisclimaou's), or an equivalent of any other form of yeast. Stir

it thoroughly and warm the milk up to 100 degrees F. to 105 degrees

F., and keep it at that temperature, stirring from time to time, until

the yeast begins to work, which is shown by little bubbles of gas

escaping from the surface of the milk. This may require from three

to five hours, according to the activity of the yeast. When the yeast

is working well, pour the milk into pint beer bottles or some similar

bottle that will stand pressure and has a convenient arrangement

for corking. Fill the bottles only two-thirds full. Theo put in

stoppers and place the bottles in a warm place at 90 degrees F. to

100 degrees F. for half an hour. Then place at once in a cold refrig-

erator or directly on ice, laying the bottles down on their sides. In

twenty-four hours, the koumiss is ready to begin to use. If one have

good yeast and keeps the temperature at 100 degrees F., there should

be no trouble in making excellent koumiss. Koumiss a week old

is usually too acid for the taste of some people. la opening a bottle

of koumiss after it is one or two days old, it is well to perform the

operation in the kitchen rather than hn the dining room, since there is

usually such a pressure of accumulated gas in the milk that it

may come out with a rush, especially if the contents of the bottle

have been shaken just before opening. Milk from which half the

fat has been removed or fresh separator skim-milk makes good
koumiss.
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COCOA AND CHOCOLATK.

By I'hok. C. B. Cochran, n'eat Chester, Pa.

INTRODUCTORY.

The amount of cocoa beans auuually imported into the United

States, and the amount of cocoa and chocolate manufactured aod con-

sumed in this country is increasing at a remarkably rapid rate.

The same statement is true in regard to England, Germany and

France. For example, the quantity of cocoa beans imported into

Germany m 1898 was three and one-third times as great as that im-

ported in 188G. In England, the consumption of cocoa has increased

four-fold during the last twenty years. While I have not exact

data for our own country, covering the same period, yet such sta-

tistics as I have been able to obtain show that the increase in the

consumption of the products of the cocoa bean in the United States

has kept pace with that shown in case of Germany and England.

As the cocoa industry has increased, so also has competition be-

tween manufacturers increased. This competition has led to a

rather extensive adulteration of cocoa.

The literature pertaining to the manufacture a«id. adulteration of

cocoa preparations is quite extensive, consequently to give a review

of the subject with any attempt at completeness would make an ob-

jectionably' voluminous report. Believing that I have had fairly

good opportunities for studying conditions as they now exist, par-

ticularly in our owo State I have confined mvself chieflv to the re-

suits of my own observations.

(1) WHY OUR FOREFATHERS HAD NO PURE FOOD LAWS.

Less than half a century ago almost the entire population of this

country lived upon food that was home-grown and home-prepared.

With the exception of a few articles requiring a different climate

than our own for their production, such as coffee, tea, sugar, spices,

etc., regarded rather as luxuries than necessities, the inhabitants of

the country lived exclusively upon food of their own producing,

while the dwellers of the city were supplied with the products of the

neighboring farms. Provisions of all kinds were supplied in an un-

prepared condition and their preservation or preparation for the

table was accomplished at the home. Nearly every one was per-

sonally acquainted with the various manufacturing oi>erations nee-
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essary, not only for the proper preservation of the products of the

larm, but also for the converting of these products into a variety of

articles of food ready for use. Even the products of foreign lands

were prepared for use at the home. For example, spices were

home-ground and coffees home-roasted. With the advance of civiliza-

tion and the specialization of industries the preparation of our foods

has gradually passed out of the home and i*ito the hands of manu-

facturers. \Yhile this change has brought with it many comforts,

and has rendered home life less burdensome and more enjoyable, it

has also robbed us of that sense of security in the purity and cleanli-

ness of our foods which was so greatly appreciated and highly prized

by our grand parents. Because of our lack of knowledge of former

methods and standards of excelletice, as well as the various pro-

cesses now employed by manufacturers, we are no longer capable of

judging whether an article of food is pure or adulterated.

(2) WHY WE HAVE PURE FOOD LAWS.

Manufacturers of articles of food pursue their vocation for profit

and are guided solely by business principles. Under the strong com-

petition which now exists the problem that especially concerns them
is to produce an article acceptable to the public at as little cost as

possible, and to the solution of this problem they devote their ener-

gies. The greater the demand for the products of their factories and

the cheaper the cost of production, the greater are their profits.

Whether the article is pure or whether it is what the name implies

is oftentimes a matter of little or no consequence provided it is sale-

able and acceptable to purchasers. Consequently oleomargarine is

found in the market as butter, a mixture of cottonseed oil and tallow

as lard; glucose syrup is made to take the oame of honey, cotton-

seed oil is called olive oil, and milk thickened with glue passes for

cream, Similar adulterations or substitutions might be named in a

large variety of food products. All gradations of mixing, adulterat-

ing and beautifying are practised by manufacturers until in many
cases the finished article bears no resemblance to the old fashioned

home product of days gooe by. To make an article saleable and to

make it at little cost are the keynotes to success.

The above statement must not, however, be taken as universally

true. Most reputable manufacturers cater to the best class of trade

and put upon the market articles of a high standard of purity and

excellence. But these same manufacturers under assumed names
send out from their factories inferior articles of varying degrees of

impurity to meet the varying demands of competition that exists in

all classes of trade.

The various preparations of cocoa have in the past offered a rich
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field for adulteration, and with the constantly increasing consump-

tion of cocoa and chocolates the oi)portunity for profit through the

adulteration of these articles increases with equal pace.

(3) DESCRIPTION OF THE CHOCOLATE PLANT AND ITS FRUIT.

Cocoa, chocolate and cocoa butter are prepared from the seeds

of Theobromacacas, a very small tree belonging to the botanical

order Sterculiaceal and native to the tropical regions of the Western

Hemisphere. A striking peculiarity of the plumb is to be seen in

the fact that the flowers and fruit, which it produces at all seasons

of the year grow from the trunk and thickest parts of the branches,

instead of developing from the youngest shoots. The flowers, which

grow in clusters and are very small, have a corolla of five yellow

petals and a rose colored calyx. The fruit is a five-celled pod

from seven to nine inches, or more, in length and from three to

four inches in diameter, nearly oval iii outline, but somewhat pointed

at the end opposite the stem.

As cocoa pods are not articles of commerce they are rather diffi-

cult to obtain. Through the kindness of the firm of Craft and Allen,

chocolate manufacturers of Philadelphia, I succeeded in obtaining

a number of very perfect pods from the island of Trinidad.

Two of these pods are illustrated in Fig. 1. The larger of these

two pods is seven and three-fourths inches in length, three and one-

half inches thick and eleven inches in circumference. The distance

around the pod lengthwise is eighteen inches As will be observed

from the photograph the surface of the pods is rather rough and pro-

vided with ten distinct grooves. These grooves represent the posi-

tions of the midribvs and the edges of the five carpels or pistil leaves

which by their unio-n have formed the seed vessel.

In each of the five cells composing the pod is born a row of about

ten seeds. As the fruit develops the cell walls become more or less

obliterated so that on opening a ripened pod only a single cavity is

seen containing five rows of seeds arranged about a central axis.

This is illustrated by Fig. 2. At one end of the pod two of the seeds

have been removed m order to show the central axis to which the

seeds are attached. The pod illustrated by this photograph is five

and one-half inches long and three and one-fourth inches thick and

contained in all forty-eight seeds. The walls of the pod are from

one-half to five-eighths of an inch thick and are composed of two dis-

tinct layers an outer firm horny layer of a yellowish brown hue about

three-eighths of an inch thick and an inner somewhat softer and
lighter colored layer about one-eighth of an inch thick.

Fig. 3 show^s a cross section of a pod diminished to actual size.

This photograph shows very clearly the two layers of which the walls
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of the seed vessel are composed. It also shows each seed attached to

the central axis by a long t'uuiculum or stalklet. As these seeds

or beans, as thej are usually called, form the only commercial pro-

duct of the cocoa plaut, they merit a somewhat extended descrip-

tion. The white appearance of the seeds as seen in the pod is due

to a thick closely adhering cover of vvhitish mucilaginous pulp.

When this pulp is removed the seeds are found to be nearly oval in

outline and of a reddish brown color. They vary considerably in

diameter, but are usually from three-fourths to one inch in length,

from one-half to five-eighths of an inch wide and from one-fourth to

three-eighths of an inch in thickness.

Fig. 4 shows the two surfaces exposed by a section through the

middle of a cocoa bean, so cut as to show the relation between the

length avid the thickness of the bean, while the section in Fig. 5

shows the relative length and width of the seed. As can be seen

from Fig. 4, the cocoa seed is composed entirely of seed coats and

embryo. The two fleshy, much folded cotyledons or seed leaves

attached to the little radicle or stem are very clearly shown in the

photograph. The cultivation of the cocoa plant and the preparation

of the seeds for the market form an exceedingly important and a

rapidly growing industr}' in those parts of the tropics that are

adapted to this purpose.

The harvesting and preparing the cocoa beans for market involves

the following processes: 1st, the cutting and gathering of the pods;

2d, opening and removing the beans; 3d, fermenting or sweating the

beans; 4th, cleaning and drying.

The taste of the bean is modified by the process of fermentation,

consequently their quality and value depecd largely upon the care

and skill with which this operation is conducted.

(4) THE COCOA BEAN AND ITS PRIMARY PRODUCTS, COCOA HUSKS
AND COCOA NIBS.

To prepare the beans for the manufacture of cocoa and chocolate,

they are first roasted and then as far as possible the cotyledons or

seed leaves are separated from the seed coats and radicles, the

former constituting the usable portion, the latter, waste. The total

loss due to roasting a«d waste, amounts to about 20 per cent, of the

original weight of the beans. In the roasted bean, the little radicle

becomes very hard and is consequently difficult to grind. In the

manufacture of cocoa and chocolate, it is important that the seeds

be ground to the very finest powder possible. As it is not an easy

task to griad the radicles to this fine condition their presence is ob-

jectionable. After the beans are roasted, by whicli process their

flavor is developed, they are crushed into rather coarse fragments

40
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and tlien by a process of winnowing the seed coats and radicles are

removed. These cleaned fragments or broken cotyledons are known

as cocoa nibs and from them both cocoa and chocolate are prepared.

The seed coals of the dried and roasted beans are about oiie-six-

tieth to one-sevMitieth of an inch thick, are paler in color and much
hrmer in structure than the bean. They are known in commerce as

cocoa shells or cocoa husks. (From them is sometimes made a drink

which has some resemblance in taste and aroma to chocolate.)

Analyses of the roasted husks made by various chemists indicate

Ihc followi-iig average composition.

Per cent.

Moisture, 11.00

Fat, 4. 00

Crude liber, 15.00

Ash, 6.00

Theobromine .50

Proteids, 13.00

Other non-nitrogc^ious substan(*es, 50.50

While cocoa nibs taken from different sourc^^s show considerable

variation, the following figures represent a fair average composition.

Per cent.

Moisture, 5 . 50

Ash, 3.50

Cinide fiber, 3 .25

Fat, 50.00

Proteids, 14.00

Starch, 8.00

Theobromine, 1.50

Other non nitro'-c^ious suStstaiues 14.25'O'

(5) CHOCOLATE AND ITS ADULTERATION.

Chocolate or plain chocolate as it is sometimes called, consists

of the cocoa nibs ground to a paste and moulded into cakes. In case

of sweet chocolate, sugar and frequently flavoring matters also are

added. The usual methods of adulterating chocolate consist (1) io

the addition of some starchy material such as co{« starch, wheat
flour, v\e flour, ground rice; (2) the addition of cocoa husks or in-

sufficient removal of the same; (3) the removal of a part of the fat

and the substitution of other fatty material in its place.

In order to detect the usual adulterants of chocolate and to obtain

a basis for estimating the amount of adulteration, the sample should

be examined both microscopically and chemically. Samples of

chocolate should be deprived of fat by extraction with low boiling
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point gasolme or ether in order to remove the fat before subjecting

them to microscopic examination. The presence of foreign starch

is then verv easv of detection, particularly, if the examination is

made both with and without polarized light.

As is shown by the iigures preyiouslv stated, there is only a yery

small percentage of starch found in the cocoa beao, and this cocoa

starch is composed of yery minute granules which could not be mis-

taken for the starches found in the common adulterants of chocolate.

The following table shows some of the characteristics of the

starches which are of moc>t importance in connection with this

topic. The figures given under the column headed diameter repre-

sent average measurements of the larger granules.
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The starches which I have most commouly met iii adulterated

chocolates are those of ludiaii corn and wheat or rye. As all of

these starches differ greatly in size and manner of polarization from

the starch belonging to the cocoa bean, the detectioii of the adultera-

tion is an easy matter. The percentage of starch found by chemical

analysis in husked and roasted cocoa beans averages about eight per

cent.

As would be expected from Uie delinitioo previously given of choco-

late, we find the same percentage of starch in pure chocolate as in

the husked aod roasted beans. Consequently if a chocolate is found

by microscopic examination to contain added starch and the amount

of starch in the sample be then estimated, all the starch found above

eight per cent, may reasonably be regarded as due to adulteration.

Tlie substances used for adulteration in many cases, however, are not

pure starch. For example, if wheat starch is found in a sample of

chocolate, the substance used to adulterate the chocolate is prob-

ably wheat flour. If the starch of wheat flour is estimated by the

hydrochloric acid process, the yield is found to be about seventy per

cent. Consequently if the excess of starch found in a sample of

chocolate adulterated with wheat flour is found to be ten per cent.,

this number would represent only seventy per cent, of the actual

adulteration, or the amount of wheat fln\ir would be between fourteen

and fifteen per cent.

In order to detect cocoa husks in cholocate, the sample is best pre-

pared for microscopic examination as follows: Boil a portion of the

sample from which the fat has been previously extracted in dilute

liydrochloric acid (about one and one-fourth of acid) for ten minutes,

allow the powder to settle, decant oft" the liquid, wash several times

by decantation, then boil for about five minutes in one and one-fourth

[ler cent, caustic soda solution. After cooling, filter and wash. The

residue is then bleached by chlorinated soda and again washed. By
this treatment the dark colored and opaque tissue of the cocoa husks

are rendered so nearly colorless and tviiiispnrr'nt that their micro-

scopic anatomy is very easily seen.

If a piece of cocoa husk be soaked in water, three coats or layers

become plainly visible to the unaided eye. An outer and an inner

coat, each composed of rather firm opaque tissues separated by a

rather thick nearly colorless mucilagenous substance forming the

middle layer. Ramifying through the inner coat which is quite thick

and dense are numerous fibro-vascular bundles which can be seen

by the unaided eye as fine parallel ribs apparently running from end

to end of the husk. When examined by the microscope this inner

coat is found to be quite complex and to contain several layers of

cells. One of these layers is composed of oblong, thick walled cells

which form a distinguishing microscopic characteristic of the cocoa
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Lusk. Those cells are from one-one thousand to o^ie-fifteen hun-

dredths of an inch in length and about one two thousand five huu

dredths of an inch in width.

If a sample of ground cocoa husks be prepared for microscopic ex-

amination as previously described these thick walled cells aod the

fibro-vascular bundles composed chiefly of small spiral vessels form

very prominent and abundant objects in the field of the microscope.

If microscopic examination of a sample of chocolate leads one to

suspect the presence of an undue proportion of cocoa husks, and no

other adulteration is detected, the amount of husk preseot can be

calculated by determining the percentage of crude fiber in the

sample. Samples of cocoa husks analyzed in my laboratory have

yielded ao average of fifteen per cent, of crude fiber.

Following the method of analysis adopted by the Associatien of

Official Agricultural Chemists of the United States, samples of

roasted cocoa beans husked and ground in the laboratory have yield-

ed about 3.25 per cent, of crude fiber. Similar figures for crude fiber

have beeo obtained in many samples of chocolate.

If chocolate is made from cocoa ribs properly freed from husk,

the per cent, of crude fiber will not vary much from 3.25 per cent, and

I think this figure can safely be taken as a basis on which to calculate

the amount of husk which is to be regarded as an adulterant. To il-

lustrate, suppose a sample of chocolate yields on analysis six per

cent, of crude fiber and microscopic examination shows no foreign

matter other than cocoa husks. In this case the excess of husk in

the sample is the amount required to raise tlie percentage of crude

fiber from three and one-fourth per cent, to six per cent.

To produce a chocolate containing six per cent, of crude fiber

would require the admixture of thirty-six pounds of pure cocoa ribs

(three and one-fourth per cent, crude fiber) and eleveo pounds of

cocoa husks (fifteen per cent, crude fiber). Such a chocolate might,

therefore, be reported as adulterated with twenty-three per cent, of

cocoa husks.

(6) THE FAT OF THE COCOA BEAN.

Cocoa butter is obtained as a by-product in the manufacture of the

so called breakfast cocoa. On account of the large amount of fat

entering into their composition, roasted and husked cocoa beaos,

when ground at a comparatively warm temperature yield a thick

chocolate colored liquid. This liquid consists of the melted cocoa

fat in which are suspended the finely divided tissues and other pro-

ducts of the cocoa bean. When this liquid is poured into moulds

and cooled, the product is chocolate. In order to obtain cocoa but-

ter, the liquid is placed in canvas bags and subjected to pressure.
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The oil that filters through the canvas forms cocoa butter. From
the residue left iu the bags breakfast cocoa is prepared which will

be described hereafter.

Cocoa butter is an interesting and somewhat unique fat, both in

its physical and chemical ju'operties. It is, when fresh, slightly yel-

lowish in color and possessed of the agreeable odor and taste of choc-

olate. At ordinary temperature it is quite hard and brittle, but

readily melts in the mouJli or when rubbed between the Sogers. The

readiness with which it changes from a hard brittle mass to a liquid

oil is one of its peculiarities and disiinguishes it from many other

fats. On account of the comparatively high price which cocoa

butter commands, it is not only itself subject to adulteration, but

other fats are also sometimes substituted in part for it in chocolate

and chocolate ca-udies.

The adulterants of cocoa butter commonly mentioned in the text

books are beef or mutton tallow, paratlin wax, beeswax, stearic acid,

copraol (a fat prepared froju palm nut oil) [H^anut oil, almond oil,

sesame oil, cocoanut oil and lard.

The following table gives the most important characteristics of

pure cocoa butter, and of such fats and oils as may be of interest

in this connection. The figures given therein are copied from Lew-

kowitsch and other authorities except those marked by a star which

are given from determinations made by myself or my assistant Mr.

C. S. Brinton:
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(7) SOME PREPARATIONS MADE ESPECIALLY TO SERVE AS SUBSTI-
TUTES FOR COCOA FAT.

In addition to the fats and oils commonly moutioued as adulterants

of cocoa butter, 1 have met several fatty substances especially pre-

pared to be used as partial substitutes for cocoa butter m chocolates

and chocolate candies, or possibly also to be used as adulterants of

the pure coeoa butter.

The names given to these substances and the uses for which they

were intended as stated on the packages delivered to me are as fol-

lows:

1. ''Oxaline. These goods are to be used in chocolate and choco-

late candy together with cocoa shells. Selling price twelve cents per

pound in ten pound tubs, eight cents per pound in bulk."

2. ^'Alberine or Sheba Butter. These goods are used in chocolate

candy. Cost ten cents per pound in thirty pound tubs, seven cents

per pound in bulk."

3. "Caramel Butter. Said to be used in chocolate caramels and

chocolate with cocoa shells. Paid twelve cents per pound for ten

pound tub. Cost eight cents in bulk."

4. ''Chocola. These goods are used in chocolate and chocolate

candy with cocoa shells. Paid thirteen cents per pound for ten

pound tub. Cost ten cents per pound in bulk."

5. "Butter Oil, used as an adulterant in chocolate and chocolate

confections."

6. "Cocoanut Oil, used as an adulterant in chocolate and chocolate

confections."

The results of the analysis of the fat of these products and of a

sample of pure cocoa fat extracted from roasted cocoa beans in the

laboratory are given in the following table:
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An iiis[)ection of Table No. 1 shows that the presence of either

cocoanut oil or pahnnut oil in cocoa fat would be indicated on

analysis by the following results: (1) A lowering of the index of re-

fraction and consequently a lower reading of the butyro-refracto-

meter both in case of the fat and of the mixed fatty acids. (2) A
lowering of the meltiiig point of the fat, and also of the mixed fatty

acids. (3) A marked diminution in the iodine number.

The presence of any of the other vegetable oils or fats mentioned

in Table I would raise the index to refraction of the fat and of the

mixed fatty acids, lower the melting point of the fat aod of the

fat acids and increase the iodine number.

The results of the analyses of oxaline, alberine, chocola and

caramel butter given in Table II indicate that these fats are of

animal origin and judging from the appearance of the crystals ob-

tained from solution in ether I am led to conclude that the most im-

portant constituent of each is beef fat. The lower index of refrac-

tion, the higher melting point, and lower iodine number of chocola

indicates that this fat contains a rather larger proportion of stearin

than is found in the other samples. The adulteration of chocolate

or cocoa butter with any one of these fats would be detected: 1st,

by the elevation of the melting point; 2d, by the high temperature

at which a deposit is obtained in Filsinger's test, and 3d, by the

microscopic appearance of the crystals obtained when the deposit

formed in Filsinger's test is allowed to crystallize from solution in

ether.

The following table illustrates the effect of the addition of either

oxaline, alberiue, or chocola to cocoa butter so far as the above men-

tioned tests are concerned.

TABLE III.

Melting
Point.

Filsinger's Test. Crystals Obtained from
Solution in Ether.

C'Voua fat extracted in
laboratory.

50 per cent, cocoa fat;
50 per cent, oxaline.

50 per cent, cocoa fat;
50 per cent, alberine.

50 per cent, cocoa fat;
50 per cent, chocola.

33 Deg. C.

42 Deg. C,

44.5 Deg. C,

45.5 Deg. C.

No deposit at S Deg. C.

Considerable deposit at 25

Deg. C, nearly filling

liquid at S Deg. C.
Considerable deposit at 25

Deg. C. nearly filling

liquid at 8 Deg. C.

Considerable deposit at 25

Deg. C, nearly filling

liquid at 8 Deg. C.

Very difficult to obtain;
shows very little tend-
ency to crystallize at
ordinary temperature;
crystals very small.

Crystals resembling those
obtained from beef fat.

Crystals in large noE.

Crystals resembling beef
fat.
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Filsiugers's test is made us follows: Two grams of the fat are

placed in a graduated test tube and dissolved in G c. c. of a solution

containing four volumes of ether (sp. gr. 0.725) and two volumes of

alcohol (sp. gr. 0.810), the tube is then tightly corked and the con-

tents allowed to cool gradually. The temperature at which a de-

posit occurs is «oted, also the amount of deposit as the temperature

is lowered. In case of pure cocoa fat it is said that Filsinger's test

gives a solution which remains clear even on cooling to 0° C. My
own observations, however, lead me to conclude that this statement is

incorrect. Filsinger's test on lowering the temperature to 0° C. has

in my hands on several occasions yielded a decided deposit from

cocoa fat of known purity. Furthermore, many samples of cocoa

butter from different manufacturers and the fat from many brands

of chocolate have given heavy deposits at 0° C. by the above named

test, although no further evidence of adulteration could be detected.

This fact, however, does not detract from the value of Filsinger's

test as it is not necessary to adopt so severe a standard as O C. It

will be observed in Table III that all the adulterated samples of

cocoa fat showed a decided deposit at 25'' C. and at 8° C. the deposit

almost filled the liquid. In any case wheo Filsinger's test is of value

1 believe a decided deposit will appear at or above 10° C, and so

far as I have been able to observe, pure cocoa fat does not give a de-

posit at so high a temperature as this.

Additional evidence as to the character of the fat deposited by

Filsinger's test can be obtained by proceeding as follows: Remove
the supernatent liquid and dissolve the deposited fat in a small

<iuantity of ether. Plug the mouth of the test tube with cotton wool

and set aside until the ether has partially evaporated. In case beef

fat or lard be present, a crystalline deposit will be formed which,

if mounted in cottonseed oil and examined by the microscope, will

show the characteristic appearance of the crystals of the one or the

other of these fats. If however the sample be pure cocoa fat, there

will be no crystalline deposit formed at ordinary temperatures (65^

to 80° F.) until the ether has entirely evaporated. In fact, judging

from my own observations, I am inclined to believe that cocoa fat

does not crystallize at all from solution io ether at ordinary tem-

peratures. The cr3'stals which finally appear are probably due to

segregation taking place in the liquid fat remaining after the

evaporation of the ether.

The following table gives the results of the examination of the

fat of a few samples of chocolate. The abnormal figures indicated

in this table led me to regard the samples as adulterated, probably

with a product of cocoanut or palm nut oil. Although such determi-

nations as indicated in this table have been made upon many samples
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of cliocolate in nearly every case except those here given, tlie figures

obtained have been within the limits of those usually (luoted for

pure cocoa fat.

TABI>K IV.
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On examination, vainisliine was fomid to be an alcoholic soludon

of shellac. The second sample was sold under the name of gum
benzoin shellac, at eightv-one cents per quart. It was found to be

composed of gum benzoin a«d shellac dissolved in a mixture of com-

mon alcohol and wood alcohol.

In making cheap chocolate confections, the desired chocolate color

is sometimes produced by the use of suitable coal tar colors.

A sample of Koko Brown said to be used for coloring chocolate

confections, and accompanied by directions for using it, was found

to be a deep brown or almost black fatty substance which, on melting,

proved to be supersaturated with a coal tar color. An examination

of the coloring material gave reactions indicali«g Soudan Brown.

The melting point of the fat was ^)1V C. The saponification equiva

lent and melting point led me to the ccnclusion Hiat the fatty matter

of the sample was probably stearin.

(9) COCOA.

Cocoa also frequently called breakfast cocoa, cocoa extract, cocoa

powder, is prepared from the husked and roasted cocoa beans by a

method which jjerhaps differs somewhat in detail in different fac-

tories, but may be outlined as follows:

1st. Cocoa ribs are gro^ind to a thin paste known as cocoa liquor.

2d. This cocoa liquor is subjected to a very great pressure in canvas

bags made especially for the purpose. By this operation a portion

of the fat is removed, and the residue remaining in each bag assumes
the form of a compact cake. The third and last operation consists

in grinding these cakes to a fine powder which is now ready to be

put in packages of such size and shape as the manufacturer or

wholesale purchaser may desire and put upon the market under any
one of the names mentioned in the beginning of this paragraph.

Analyses of the various brands of cocoa now found upon the

market show a content of fat usually varying between 20 jjcr cent,

and .30 per cent., sometimes even less than 20 per cent. As the cocoa

bean contains about .50 per cent, of fat, it appears that in the prepa-

ration of cocoa, manufacturers are in the habit of removing from
two-fifths to three-fifths of the total fat found in the bean. This

fat, which forms the b^-product in the manufacture of cocoa, is

moulded into cakes and sold as cocoa or cocoa butter.

The adulterants of cocoa are the same as those of chocolate and
consequently do not need a separate description. The most common
adulterants at the present time appear to be corn starch and wheat
or rve flour,
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POTATO CULTURK.

15Y Al.VA AGioii:, GheslUrc, Ohio.

During the eleven years from 1890 to 1000, inclusive, the potato

growers of the United States produced over one thousand millions of

dollars' worth of potatoes, valuing the crops at prices obtained upon
the farm. The average ;sield per acre during these eleven years was
Ifss than seventy-seven bushels. The average receipts per acre at

the farm were |34.57. If one-third of the present annual potato acre-

age were released to the production of clover or other profitable

crop, and if the remaining two-thirds were given proper fertilization,

seed and tillage, it would produce with ease 115 bushels per acre,

worth 151.85. There would be no increase in total crop to depress

prices, but there would be great increase in net profit per acre to the

grower, and it is for this that we, as individuals, till our fields. The. e

would be, in addition, the saving of nearlj^ nine hundred thousand

acres of good land from the annual potato acreage. Profit in agri-

culture must be sought in increased yields from a restricted acreage,

permitting a greater percentage of arable land to lie in clover and

pasture a sufiflcient portion of the time to guard its fertility.

This estimate of possible average yield per acre is made guardedly,

and is well within bounds. Tens of thousands of growers would re-

gard an average of 115 bushels per acre extremely low. It is an at-

tainable average for our countrA', and would add many millions of

dollars annually to our net profit from the crop.

PREPARING THE SOIL.

Potatoes are grown with a fair degree of success in many kinds of

soil. The individual grower usually finds himself limited in choice,

and may have nothing approaching a typical potato soil, which is

deep, friable and retentive of moisture.

It is the desire of the writer to indicate ways by which fairly

profitable yields may be secured from land that is not perfect in its

adaptability to this crop, as it is so universally desired on our farms,

either for home use or for market.

Physical Condition.—The first consideration in the selection of the

potato field is the physical condition of the soil. That soil of the

farm should be chosen which is naturally well drained, retentive of
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moisture and sufficiently loose for the development of tubers, or

which is capable of amendment in this respect. Experience and ob-

servation combine to convince me that the control of soil moisture

is the great problem in farming, and it is true in an especial degree

in respect to potato-growing.

Underdrainage.—If the land is naturally heavy and w^et, under-

drainage is required. There are few crops whose cash returns jus-

tify the expense of underdrainage in higher degree than the potato.

If a soil would become fitted for this crop by drainage, the work can

be safelj' advised, even for those w^ho might find it necessary to bor-

row the money for the work. This is not the place for direction con-

cerning drainage, but so many failures in potato-growing are due

to an excess of water in the soil, that em]thasis is placed upon the

importance of underdraining any wet land that is to be given the

costly seeding and tillage of the potato. The only first class ma-

terial for underdrains is tile, and in most clayey sections of the

country the yield of potatoes will increase with the extension of the

use of drain tile.

Humus.—The control of moisture, however, is not secured in most

soils merely by drainage. Deficiency in a supply at critical times in

the growth of the plant is a usual cause of failure. In preparing a

soil for potatoes, a leading aim should be to increase its capacity for

storing moisture by the incorporation of rotted organic matter with

it. The soil may be regarded as a big sponge for the holding of

moisture, and its retentive character is fixed largely by its percent-

age of decayed vegetation. If a soil be clayey and deficient in humus,

the water from rains runs off it or is evaporated from its surface,

while the particles of clay ad'here to each other, holding little water

in a form friendly to plant growth. If a soil is sandy, the w^ater

from rains rapidly descends and passes away through the subsoil.

Either class of soils is greatly benefited by the presence of decayed

vegetation which stores moisture for future use of plants. Natural

potato soils are rich in humus, and other soils must be made to ap-

proach them in character by the use of humus-making material.

The reader may have learned from excellent authonties that choice

tubers are secured from land nearly free from humus, and it was
formerly claimed by some that such land should be selected for this

crop, but it was found that good yields could not be gotten in dry

seasons without irrigation.

After six years experimentation with potatoes, the Cornell Experi-

ment Station has reached this conclusion (Bulletin 196): "Where the

soil is in proper physical condition the moisture may be conserved
through an extreme drouth by means of frequent shallow surface

tillage. But if the soil has become deficient in humus no amount
of tillage is able to make good the deficiency.

41
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"If all conditions are favorable as to rainfall and temperature, the

linmus problem is not so important, but if it is expected to carry a

crop successfully through a season of extreme drought, as was the

summer of 1900, the soil must be abundantly eup[)lied with humus,

or otherwise it will part with its moisture and the crop will suffer.

Intensive tillage for best results through a series of years must be

accompanied with the use of farm manures, or of green manuring.

This is especially true of potatoes where best results are secured in a

moist, cool soil. Abundance of humus favors both these conditions."

Kotted organic matter performs in the soil the double office of

improving physical condition so that moisture may be held, air be

admitted and plant roots be developed, and of furnishing plant food.

Sources of such matter will be considered in their two-fold capacity.

Legumes.—Clover will fit land for potato-growing more completely

than any other one plant within my knowledge. Its roots run deep

and are bulky. Their habit of growth secures a fine division of clay-

ey land, penetrating every cubic inch with fibres, and thus producing

the physical condition of soil so grateful to the potato. We incline

to look upon clover only as a fertilizing plaut, and as such it stands

pre-eminent in the sections adapted to its growth, but it is a safe

statement that in a rotation of crops which includes clover and po

tatoes, the effect of clover upon the physical condition of the soil

gives to this renovating crop half of its value. Such statement does

not minimize its fertilizing value, w^hich is unexcelled, but calls at-

tention to another value in it often underrated.

As a purveyor of plant food, clover is first among plants. It feeds

upon the free nitrogen of the air through bacteria that live upon

its roots and serve it while living upon it, and tihrough deep-running

roots the clover feeds in the sub-soil where there usually is a great

wealth of fertility. But clover has a way of failing. Or we may
have lacked foresight, and there is not time to grow the clover before

a crop of potatoes is wanted from a certain field.

There are other legumes of great value. Living near the southern

border of our northern States, the writer has found it profitable to

grow many acres of cow peas for plowing down for potatoes. The

southern pea has its northern limitations, failing to make as luxu-

riant growth north of the fortieth parallel of latitude as it does in

the friendly heat of the south. But it makes a good root growth

and a fair am<^nint of vine that give a rich humus, and it adds to the

supply of soil nitrogen after the manner of clover. The soja bean is

another renovating crop of value, growing quickly and providing a

good supply of humus.

Other Sods.—A timothy sod will give good results when handled

intelligently . Bearing in mind the need of the potato plant for thor-

oughly rotted organic matter, we may see that timothy can be made
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to serve if plowed early. When the planting is to be done in early

spring a timothy sod should be broken the preceding fall, and los*

from winter exposure may be prevented by a seeding to rye. No in-

considerable amount of potatoes is grown in the farm and village

garden and truck patch that have no proper rotation of crops, and

such land always should have its winter cover crop of rye, crimson

clover, rape or other similar growth.

Stable Manure.—The use of stable manure on potato land is very

universally condemned by writers. When we view the ill effects only,

the condemnation appears none too severe; but there is another side

to the question demanding consideration. Frefih stable manure in

the soil favors diseases that roughen the skin of the tubers. Our
city markets bear evidence of the wide prevalence of soil ddseases

that reduce the value of crops, and it is the tendency of such diseases

to increase and finally to cripple most seriously the ind'ustry of po-

tato-growing. In view of this, the safe thing has seemed to be to

discountenance all use of stable manure—especially that of the horse

—on potatoes. But the writer shares the common experience of a

host of growers that an application of farm manure, properly made,

increases the net profit from potato fields, and we stop here to sift the

matter for the sake of truth.

Going back to the fact that the potato wants its organic mat-

ter thoroughly rotted, we understand the good results gotten from

potatoes after corn when the «»od for corn has been sufficiently

well manured to supply the soil for two years. The tubers are

clean and thin-skinned, excelling in appearance the crop gotten

where fresh organic matter abounds. It is right, then, to use

manure on a crop preceding potatoes rather than upon potatoes, but

the supply must be equal to the demands of the two crops, and if the

first be corn, as is a common custom in some districts, that means
a large supply. But I keep in mind, in this writing, the circum-

stances of a large class that either have land in limited amount or

have manure in small sui>ply, and are led by necessity to the planting

of potatoes in land not perfectly fitted. With them the question is

not what they would choose to secure perfection of conditions but

what they may do to make the best of their situation. If land is lack-

ing in physical condition, having had too heavy draft upon its supply

of humus, and withal is to be planted with potatoes, it is usually

wise to use a dressing of stable manure. This manure should be ap-

plied in the fall, and the best results are gotten from plowing it under

to a depth of four or five inches before the middle of September in

order that a winter-cover crop, like rye, may be seeded. In the spring

the ^over crop should be plowed down, the ground being broken
deeply, and then the manure with its leachings is brought toward the

surface and well distributed throughout the soil. The manure
brings humus and fertility, and the soil lacking these should have the
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manure even at the risk of the introdiuction of disease. It were far

better if all land could be cared for properly, receiving its plant food

and physical amendmenis at correct times in a wise rotation, but

such conditions will never prevail universally, and hence the neces-

sity of modification of methods outlined for perfect conditions.

Commercial Fertilizers.—A discussion of sources of organic ma
terial for improvement of soils before planting leads naturally to the

subject of commercial fertilizers, and as the i^ractical man should

plan his work ahead of the plow, we discuss further the subject of fer

tilization before considering that part of preparation for a crop that

is done with plows and harrows.

There are two methods of employing commercial fertilizers in com-

mon use. One of these is based on the belief that such fertilizers can

be used profitably only in starting a crop, and preferably those crops

\vith w^hich seedings to grass are made. The other method involves

the use of large quantities of commercial fertilizers for the constant

feeding of the ijlants from seed-time till harvest. I forego the

pleasure of a discussion^ of this important question except so far as

it concerns the potato. Keeping in mind the necessity of net profit

from the crop, we must secure all needed plant food as cheaply as

possible. Most soils devoted to potato-growing, excepting now the

seaboard sands that produce the early market crop, are naturally

strong. That is to say, in tliem are stored large amounts of plani

food that become available slowly. The average arable soil is a

store-house of inert elements of plant food. Availability is secured

in part through the growth and decomposition of crops like clover,

peas, vetches, timotliy, rye, etc., and the legumes also add nitrogen

from the air. If a light application of commercial fertilizer of any

sort will put clover or peas to work to supply the need's of a subse-

quent cash crop, such fertilization is rational and profitable. Such

is the scheme of a majority of farmers, though its successful opera-

tion is not always apparent. There is failure oftentimes to get the

full manurial crop or heavy sod, and the remaining crops of the rota-

tion, dependent largely upon that crop or sod, are too small for best

profit.

The other method involves the feeding of exery crop according to

its supposed needs, and necessitates an expenditure of money that a

majority of farmers, selling in average local markets, would regard,

possibly with reason, as ruinous. But tlie potato, grow^n near good

markets, more nearly justifies such feeding than do most staple crops.

Its possibilities far exceed those of the staple grains, and usually it

is quickly responsive to fertilizers.

Scientists have sought a rule of universal application for the use

of fertilizers. It was believed for manj^ years that the composition

of the soil, as shown by an analysis, would indicate the kind of fer-

tilizer that should be used, but the theory would not stand the test
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of practice. There are soils so deficient in. some one element of plant

food that safe inferences concerning fertilization may be drawn from

the results of analysis, but these are not the common arable soils of

the country. The chances always are that a chemical analysis would

rot prove helpful to a farmer. It probably would show the presence

of a large amount of every element of plant food, andthere informa-

tion would cease. In practice one may know that the eoil is lacking

in available fertility, while nothing in the results of analysis would

indicate such a fact.

Another scheme of fertilization was based upon the composition

of tlie crop to be produced. The number of pounds of nitrogen, phos

phoric acid and potash in a ton of potatoes is known, and it appeared

reasonable that a fertilizer should approach the compoisition of the

crop desired. This theory of fertilization is now discreddted by lead

ing scientists and by practical farmers, for two reasons: First, it faile

to take into account the tons of available plant food in the soil. Land

that has been given a heavy growth of clover, or a dressing of stable

manure, may contain all the available nitrogen needed for the pro

duction of a full crop, while there is lack of potash or of phosphoric

acid. The soil may be naturally so rich in potash that a score of

crops would not exhaust the supply appreciably, and yet be lacking

in available nitrogen or phosphoric acid-—a lack not apparent from

analysis of the soil, but apparent from results obtained when one

of these elements is supplied to the growing plant.

The other reason for discrediting this theory is the rather awkward
fact that experimentation shows profitable results from the seem-

ingly excessive use of certain elements under some circumstances.

A soil may be in fairly productive condition, and then give more net

profit from a crop treated with twice the amount of one element

found in the composition of that crop than it would from a lighter

application, and at the same time another element may not increase

yields at all. These puzzling results do not destroy our faith in the

value of scientific investigation, but they assure us that the laws

governing plant growth are not within our grasp in such degree

that we can feed crops by any general formula prepared by others

with assurance that we are doing the most profitable thing for our-

selves. After turning to one and to another, we finally must de-

pend upon ourselves and our own experimentation.

Station Kesults.—I state the matter of self-dependence thus be-

cause many are loth to give up the hope that others can save them
from the trouble of farm experiments. They should understand

that, so far as scientific research has gone, there is no way to know
absolutely wiiat fer'tilizers will pay best on a potato crop, or other

crop, except by farm tests. And yet there are certain wide lines,

fixed by Station results, within which we may confine our labors, and

thus keep the chance of failure down to a minimum.
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It is an old belief of growers that the potato is, in a peculiar de-

gree, a feeder upon potash. It resulted that all special potato fer-

tilizers a decade ago made potash the most prominent element.

There is a reason for most things under the sun, and, in casting about

lor the cause of this confidence that the potato wanted potash chiefly,

I am led to think that it arises in part from the known lack of potash

in most sandy soils which have been devoted to potato-growing. On
these soils applications of potash have been effective. It is further

true that the ash of the potato is rich in potash, but in no higher de-

gree than is the ash of some other crops. The New York Experiment

Station, at Geneva, after a six years series of fertilizer experiments

with potatoes, concludes that ''this crop is not greatly unlike many
others, including roots and forage crops, in its fertilizer requirements

under given conditions."

It is known that sandy soils incline to be deficient in potash, and

extensive growers of potatoes in such soils of Long Island, New
York, use potash freely, having in common use a formula calling for

four per cent, of nitrogen, eight per cent, of phosphoric acid and ten

per cent, of potash. The correctness of this so-called Long Island

formula naturally would be accepted for land of that class by reason

of its general use were it not for the results gotten in the series of

tests made by the Geneva Station under direction of Dr. Jordan.

Very strangely the potash was wholly ineffective in some of these

tests, and Dr. Jordan says: "'The outcome of extensive experiments

for four years on four farms presents good reasons for questioning

the wisdom, under the condition involved, of applying more potash

on potatoes than any other ingredient. It is now a trite saying, but

a true one, that each farmer must discover for himself the fertilizer

needs of his farm."

Nitrogen.—Within certain lines we may infer pretty safely the

nitrogen requirements of our potato soils. Land that is very rich in

humus, such as black alluvial soil, is rich in nitrogen. This

element is the most costly one in a fertilizer, and an unnecessary ap

plication cuts net profits rapidly. Stable manure, made on cement

or tight clay floors, and kept without waste until spread upon the

land, is rich in nitrogen. Where a soil is liberally fed with stable

manure the year previous to the planting of potatoes, we infer that

the need of purchased nitrogen is slight. The presence of a good

growth of any of the legumes is assurance of the presence of this

element. In a soil rich in humus the clover may feed largely upon

soil nitrogen, while under other circumstances it may get a goodly

share of its supply from the air, but in either case the nitrogen is at

hand if the clover or peas is present, and the percentage of nitrogen

in the commercial fertilizer may be kept small under ordinary con-

ditions.

Again, we learn to determine the content of nitrogen in a soil by

humus, suoh as much black alluvial soil, is rich in nitrogen. This
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the character of the growth. This element gives a rauk growth of

Ijotato vines of a dark green color. Vvhere the vines grow rank

without application of nitrogenous fertilizers, we cannot hope to in-

crease yields to any profitable extent by their use. Indeed, there is

always danger of diminished yields as a result of excessive use of

Ibis element. This is frequently observable in old barn lots and in

other spots that have had the leachings of manure. The vines grow

to extraordinary size, while the tubers are very small at digging time.

It may not be possible to state with certainty the cause of this

phenomenon, but it has been supposed that the potato will not di-

vert its energy to the development of tubers until the vines have

reached a stage that permits the storage of some energy for this pur-

pose, and where there is a quality in the soil inciting to extreme

growth of vine, that stage of development favorable to forming

tubers is reached too late in the season for good results. Be that

as it may, the known fact that injury may result from the presence

of an excessive quantity of nitrogen in the soil is all that the prac-

tical grower needs to place him on his guard. It is safe to say, how-

€:ver, that most cultivated soils incline to be deficient in this element

unless stable manure or the legumes is used, and the question with

the grower often is not whether nitrogen could increase yields, but

whether it would do so with profit, or in what quantities could it be

used in view of its costliness.

For Early Potatoes.—The nitrogen of the soil does not enter avail-

nble forms rapidl}' in cool or dry weather. The grower of potatoes

for early market usually finds it profitable to supply an available

form of it to his early-jjlanted crop to force growth before there is

sufficient heat in the soil to convert its own nitrogen into forms re-

quired by plants. For this purpose the nitrate of soda is a common
source. It is quickly available in the soil, and I prefer not to use it

until the plants appear above ground, as the fertilizer will leach

away if there are no plant roots ready to appropriate it. Slower or-

ganic forms of this element, such as tankage, dried blood, fish, etc.,

are desirable carriers of nitrogen for use of plants in mid-summer
when decay is rapid on account of heat. It is suggested that one-

tbird of the nitrogen be supplied in nitrate of soda, and two-thirds

in dried blood, fish or other organic forms.

Nitrogen exists in unstable forms, and cannot be stored in the

soil indefinitely. It wastes rapidly in the summer if no plant roots

are ready to use it. If a potato-grower finds that he can use pur-

chased nitrogen vvith profit, as is eminently true in the seaboard

sands devoted to the early crop, it is advisable to provide part of the

supply in organic forms that yield up plant food through decay as

the season progresses, and to supply some immediately available

nitrogen, in nitrate form, as a top-dressing during the late spring

months.
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Phosphoric Acid.—It is an admitted fact that most soils are rela-

tively poor in phosphorus. Of the ten or more elements known as dis-

tinctly soil elements used by plants for making growth, only three

are ever found deficient in most agricultural soils. Tw o only may be

lacking, and oftentimes only one element. In considering the mat-

ter of fertilizing land for potatoes, I have tried to show that pur-

chased nitrogen may pay, and it may not. Concerning this we judge

by the character of growth the soil make:;, and by field tests. Like

wise, potash may or may not be lacking in available form. Concern-

ing the third one of these three elements, phosphoric acid, the same
may be said, but we assume that in nine soils out of every ten, if any

one of these three elements is lacking, that one is phosphoric acid.

If two elements are wanted, phosphoric acid will prove to be one of

these two. The content of this element in the potato is small, and

there remains a general impression that phosphoric acid is of minor

importance in fertilization for potato<?s, but a careful study of all

Experiment Station tests is convincing that phosphoric acid cannot

be left out of any potato fertilizer, and that the requirements for

this element are wholly out of proportion to the amount actually

stored in the tops and tubers of the plants. So pronounced is this

chat some cai^ul experimenters have been led to say that phos-

phoric acid is the controlling element in a potato fertilizer. A
formula for a fertilizer carrying the elements in the proportion

found in the potato tuber would require four and one-half per cent,

of nitrogen, two of phosphoric acid and ten of potash.

The Long Island growers have raised the percentage of phosphoric

acid to 8, cutting the nitrogen to 4, and Station experimentation indi-

cates that the formula should show a still higher percentage of phos

phorus, while the potash may be cut down. The whole matter of

fertilization must be left within wide lines, and the individual grower

must find by farm experiment just what plant food ma^- be given

with profit to his land, but the assumption should be that any potato

fertilizer should be strong in phosphoric acid. Until the opposite is

proved true in the field, I should assume that this element should be

the dominant one in the potato fertilizer used. The assumption is

based not only upon Station experiments in sands as well as clays,

but also upon the trend of opinion among those growers who test

these things for themselves.

Let no reader get the impression that cropping should be done witL

phosphoric acid alone. Much laud is being ruined to-day by such

practice. But if he is a grower of potatoes he may begin experimen-

tation with the fact that if any one element is lacking in his soil,

this one probably is so lacking. Then he must learn whether he is

supplying suflQcient nitrogen through manures and clovers, and he

must take stock of his supply of available potash in the soil, and sup-
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p]y a need of that element, if such need exists, as is very often the

case, notably with sandy soils.

Carriers of Potash.—The cheapest carrier of potash for most po-

tato-growers is the muriate. It is a common impression that this

material alTects the quality of the tubers adversely, and the rather

more costly sulphate is advised. In my own fields I have made some

tests, selecting tubers from hills treated with the muriate, and other

tubers from hills on an adjoining plat untreated, and having them

cooked together under proper conditions. So far I have been unable

to detect the slightest injury to edible quality from use of potash in

the form of a muriate, and this has led to the study of Experiment

Station tests with the result that the character of soil or season ap-

T^ears to be a determining factor. There is less assurance of the

slig'htest injury to the quality of the potato from use of the muriate

than would be exj)ected from the importance that has been attached

to the matter by writers. It appears that in some soils quality ks

affected, at least, when the potash is not applied before the planting

so that the salt may be washed out by rains. In other soils there

are no ill results. It is a matter easy of test for the grower, as both

sulphate and muriate forms are on the market everywhere. Kainit,

a low-grade sulphate form, contains so big a percentage of salt that

it should be classed with the muriate in effect upon quality.

In respect to effect upon yield, it is probable that the more costly

sulphate is the cheaper source of plant food for acid soils, while

the muriate is most satisfactory for all other soils. The Rhode Is-

land Station has arrived at this conclusion from the study of its own
results in comparison with those of other Stations.

Ashes.—An application of hard-wood ashes usually has a favor-

able effect upon the yield of potatoes. As such ashes are rich in

potash, this effect is doubtless one cause of the very common belief

that potash is peculiarly a potato fertilizer. The truth is that ashes

exert an effect upon most crops wholly out of proportion to their

potash content, and therefore attributable to some other element

or elements in the ashes. It is known that the lime in ashes is in an

especially effective form, exerting much influence upon the soil.

While, as has been stated, hard-wood ashes affect yields favorably,

they promote diseases that roughen the skin of the potato, and their

use is not advised except on acid soils. In some soils they also have

an unfavorable effect upon the texture of the land.

Coal ashes contain practically no fertilizing qualities, but I have

found that it pays to draw and spread the home supply on the more

clayey parts of the potato land for its improvement in physical con-

dition. They should be spread before the harrow% and worked into

The surface soil.

44—6—1902
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Plowing the Ground.—Soils in which potatoes may be grown with

profit vary so much in character and in location that no hard and

fast rules can be laid down. But keeping in mind the nature of the

plant and its likings, we may make our practice conform to its needs.

The first consideration, as has betn said, is that of soil moisture.

We want conditions under which a supply may be held for times of

drouth. One method of securing this is by deep plowing. The

storage capacity of land is increased by dieepening the soil, as that

is the part of the earth that contains organic material in such form

that moisture is held as in a sponge. The deeper we plow, the more

soil we have of such texture that the water of rains is received and

held, provided the percentage of humus is maintained by increasing

the supply as we increase the number of cubic inches of soil upturned

by the plow. Within certain bounds we may make this rule for our

guidance: The depth of plowing should be proportionate to the per-

centage of humus. But the potato requires an abundance of this

material, and if our soil is properly stocked with it, the plow should

go deep. Depth in plowing is a relative term. I know successful

growers on land that will not permit a greater depth than six inches.

Thev feed that six inches well, and make monev. Preferablv, how-

ever, the plowing should be deeper. Where six inches is a normal

depth, seven should be gotten if possible. Where eight inches is a

usual depth, nine inches should be sought.

Kind of Plowing.—I like the rule given above respecting the depth

of plowing. If a thin sod be buried deeply, and soil deficient in

humus be placed at the depth the tubers shall form, a clayey soil

will give disappointing results. Worst of all, a layer of soil deficient

in humus, either in clays or sands, is utterly unfit material for the

soil mulch that we make at the surface by tillage for the retention of

moisture. If the amount of organic material be small, it should

not be distributed throughout too many inches of soil by very deep

plowing. It is better to sacrifice the benefits of depth under such

circumstances to insure fair texture of the soil in which the tubers

form and of that at the surface. This caution is for those only who
from necessity plant land not well fitted for potato-growing. "VMiere

the soil is supplied with such a store of humus as the potato de-

lights in, depth should be secured by deep plowing. It was Ben-

jamin Franklin who said, "Plow deep while tihe sluggard sleeps," and

while the advice is much quoted and is wise within proper bounds,

I venture the opinion that if the revered author were to return to

earth and note the decrease in the humus-content of our American
soils he would modify the statement so far as to say that the depth

should increase only with increase of hnmus-produeing material

added in sods and manure.

The Plow.—There are breaking-plows of many models. In respect

to the kind needed for turning sod land for potatoes, let us reason
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tlie matter out. Assuming th.it the soil need® tlio improvement in

texture due to rotting sods, we may be sure that the best of the sod

should not be buried in the bottom of the furrow. Therei is more

talk than practice of leaving the furrow-slices on edge. This is due

to the use of plows having long and curved mold-boards, and to our

liking for a smooth appearance in a plowed field. The sod should

be left in such position for potatoes that if can be distributed

throughout the soil, a fair proportion remaining near the surface.

This means the leaving of the furrow-slice on edge, and that is done

only by the plow having a short and straight mold-board. This point

is not appreciated by growers wiio have a soil naturally loose and

able to remain in good physical condition without the aid of or

ganic matter, but such soils are the exception. The short and rela-

tively straight mold-board leaves the furrow-slice as required by the

potato in ground of rather poor texture. It will not pulverize while

turning the ground as does the long, curved mold-board, but that is

merely one of the drawbacks of farming a soil not perfect in its adap-

tability to a desired crop. The plow should be set 1o run true on the

bottom, and to turn not more than an inch in excess of what is ac-

tually cut by the point.

Thoroughness in plowing is more important for the potato than for

either corn or wheat, necessary as the latter may be. The potato

makes in the ground, and is more dependent upon good soil condi-

tions than is any of the cereals. If the workman will set the plow

to cut a trifle scantily and then hold against the plow-handle to off-

set this, the furrow-slice can be partially pulverized with a very

short, straight mold-board.

Time of Plowing.—It is probable that four out of every five of my
readers plant early varieties of potatoes, or else plant medium varie-

ties early in the season. They have doubtless observed that early-

plowed land retains moisture more perfectly than land plowed later

in the spring. Recalling the fact that drouth is usiually a factor in

cutting yields of potatoes, and that the control of moisture is the first

consideration, we learn that it is wise to plow eaily for this crop.

There is less loss of soil moisture from the airing given by plow-

ing, and there is more opportunity for spring rains to restore the

close union of the top soil and sub-soil so that water may rise from

below. Much as w^e value an addition of vegetable matter to the

soil, we do not want plowing delayed until a growth of clover or

rye becomes bulky and woody, as experience teaches that this bulk

has robbed the ground of moisture in its growth and interferes with

the rise of moisture from the sub-soil when plowed down. Early

spring plowing is advisable for most land devoted to potatoes that

are matured before the first of September.
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Fall-Plowing.—Regarding only soil fertility, land should be kept

covered by a growing crop. Bare land is losing available j)laut food

whenever it is not locked up by frost. Hence the condemnation of

fall-plowing for a spring crop. But we do not invest money in land

primarily to maintain its fertility, but we maintain fertility in order

that we may make money. Income must be considered. There is

laud of such texture that a spring-planted crop can not be produced

from it in profitable amount unless it undergo the ameliorating ef-

fect of hard freezing. It cannot be put into tine physical condition

after spring-plowing, while it does yield itself well to tillage when
plowed in the fall and left frost-locked during winter. I am ac-

quainted with some such land that is made to produce potatoes

profitably for its local markets, and am sure that there is a serious

mistake in condemning fall-plowing for it. Again, there is land now
3'ielding good income from extra early potatoes that could not be

plowed in time for the early planting if the work was dielayed till

spring. It loses some in fertility, but amends are made to it b}" the

application of plant food easil}' purchased from the proceeds of its

crops. When consistent with returns from the crop, land should

not be left bare during winter. The losses from this source have

been heavy in American agriculture, but there are conditions justi-

fying some fall-plowing for potatoes, and the matter is one w^orthy of

careful study. If seemingly best, do it, but remember that w^hen bare

and unfrozen, there is a loss of fertility that must be made good be

fore net profit is figured.

Harrowing.—Potato land should be made fine, but not too firm.

Spring rains tend to pack ground unduly for potatoes unless it is

naturally very friable. The perfect harrow would be one that pul-

verizes each furrow-slice fast as turned, with power gotten from a

horse walking on the solid bottom of the furrow by its side. I have

tried to interest inventors in such a harrow, but am assured that too

many farmers are indiflt'erent to perfect work to make the demand
for such a harrow attractive to a manufacturer. As it is, we plow

land to make it loose, audi then tramp it with horses while fining iL

until a considerable percentage of the soil is packed down as tight as

it was before the breaking-plow was used. When the weight of a horse

is placed on the few square inches of surface covered by his foot, the

ground under the foot is packed. This is especially true of soil that

necessarily is worked in the spring as soon as it crumbles nicely.

The track of the horse fills with loose soil, hiding the damage done,

but let the farmer remove the loose soil and dig into the ground

that was packed by the pressure, and he Avill realize what is being

done. It has been my rule to cut the plowed land with a twenty-

inch disk harrow, drawn by three horses. Two cuttings, each lap-

ping half, equal to four single cuttings, have been given to tear the
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sod into pieces. TLese were followed by an Acme, and tlieu by a

plank float. An estimate of the amount of surface covered by the

feet of the horses in all this work is astounding. It may be thought

that the harrows repair the damage, but usually they conceal rather

than mend it. In a fresh-plowed field the effect of the pressure given

by the feet of tlie team goes much deeper than the average harrow.

Indeed, thorough as my own harrowing has been, I find the firmed

soil below the depth made by the extra large disks. Such pressure

immediately under a hill cannot fail to do harm.

This consideration enforces the necessity of letting a soil become

fairly dry in the spring before the harrow goes upon it. It also leads

one to defer some of the preparation of the land) until after the plant-

ing when the horses can be kept in the middles between the rows.

This suggestion is made with some misgivings, knowing the tendency

to slight preparation of a seed-bed, and the inclination to promise

land additional work that is never given it. But I write of prepar-

ing land for an early crop, when rains are sure to firm the plowed

ground sulSficiently to put the sub-soil into close contact with it so

that moisture x?an rise from below. A later-plowed field must be

harrowed" with thoroughness and made reasonably firm to insure

against drouth, and at a later period in ihe spring the tramping by

teams does not pack a soil so severely. But no matter how early the

planting, there should be sufficient harrowing to make a soil fine.

After the planting, a deep, thorough tillage can be given to complete

the work of preparation. This will be discussed under another

head.

It is always a mistake to plant potatoesi among clods. The work
of fitting with barrow and float must be sufficient to give to the piece

of seed a surrounding of fine soil. The use of the plank float right

after the plow, and again after the harrow, will do much to insure

this state of fineness. There is no question in regard to the neces-

sity of this much work. Some deeper tillage, however, may be de-

ferred, provided one understands the need of it, and will give it be-

fore the young plants have sent their roots out into the soil.

THE SEED.

Success in potato-growing is dependent largely upon the seed. A
large percentage of failures is attributable directly to the character

of the seed. While I base what I write iipon the experience gotten

year after year in the culture of this crop, and upon the experiences

of others, it cannot be expected that some readers will accept readily

many of the statements, and to all such the request is made, in the

interest of truth and their own income, that they put the doubted

statements to the test of field trial. Many a farmer says that po-
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ratoes cannot be grown profitably on liis farm whea the fault lies

with the seed he has been using, aud the easy trial of good seed is

within his reach. There are large areas that will not grow potatoes

well, and are not needed in the country's production, but most farm

ers should grow Iheir home supply, and do it with some profit. Thi^

may demand a different fitting of the soil than that given hereto-

fore, but to poor seedi is many a failure attributable.

What is Good Seed?—The tuber of the potato is not the true seed

of tihe plant; tliut is in the »eed ball. Neither is it the root of the

plant, as is the case with the sweet potato. It is merelj- an enlarge-

ment of an underground stem. The plant puts forth branches above

ground which form blossoms, and at a certain stage of growth the

plant puts forth branches, or stems, that do not come above ground

and blossom, but remain below the surface, enlarge at the ends,

and form that w hich corresponds to the blossom of the branch above

ground, with the adddtion of starchy material stored about the cells

leading to the buds, which is intended by nature for the feeding of

the young plants when they are started another season. These

buds, cells and stored starchy material, wrapped up in one package,

is the tuber for v. hich we cultivate the plant.

Just so sure as like produces like in this world, the tuber par-

takes of the nature of the vine that produces it. If that vine has

grown in a heat that weakened it, or has been affected by disease or

insects that lessened vigor, the tubers have a correspondingly low

vitality. As we know, the potato thrives best in a cool climate.

Excepting the high mountain elevations, all land south of the for-

tieth parallel has too much heat during some period of the growing

season in normal years for the best development of the early-planted

potato. It does not follow that big pelds per acre are not obtained

some seasons in the heart of the belt liked by our heat-loving corn

plant. Our southern States grow good fields of potatoes, and yet

the fact remains that the big yields are most easily gotten in north-

ern latitudes—in Maine, New York, Michigan and the northwest.

There the potato thrives in the absence of extreme heat, and has

great vitality, as the size of the tubers attest.

Potatoes grown year after year under unfavorable climatic or

soil conditions, decrease in vitality, and the man who clings to such

tubers for planting must reap what he sows. The vines lack vigor,

and the underground stems, or tubers, lack in size. Excepting high

altitudes in our mountain sections, there are no sections south of the

States mentioned above where the vitality of potatoes is fully main-

tained, and I am very sure that it would pay growlers to get seed

from the north every second or third year when prices are apt to be

low. This statement could be put stronger by me, as I find it profit-

able to get seed from more northerly sections every year. But even
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if a cliange were made every second or third year, tliere would be tar

less loss irom iui'erior stands of plants. 1 refer now to ail growers

wlio plant in early spring, Tliere are conditions under which vi-

taiiiy in comparatively warm latitudes may be maintained for a

time by growing the seed in the cool weather of autumn, but the ex-

perience of many successful growers is corroborated by co-opera-

tive tests at the Vermont and Maryland Stations, in which the Ver-

mont seed proved to be the better. The Missouri Station found Ver-

mont and Wisconsin seed superior to that of Missouri, and in tests

of Khode Island and Maine seed, the latter proved the better.

Selection of Seed.—Growers have been puzzled by the contradict-

ory evidence concerning the relative value of small potatoes for

planting. Experiment Stations and individuals have gotten results

from comparative tests of small and large seed that conliicted with

results from other tests, and some farmers have concluded that

there is no choice in size. Let us think over the matter. The tuber

shares the degree of vitality possessed by the vine. It is a branch

—

only underground. Its size depends upon two things: the vitality

of the vine and the time the tuber was formed. If it belongs to the

second lot of setts made by the vine, and is small simply because it

did not have time to become large before the vine matured, it comes
of just as good stock as the larger tubers, of the hrst lot of setts, in

the hill. It has good blood and can reproduce the vine that pro-

duced it. Such seed, though small, may give a maximum yield.

But there is the small tuber that was part of a spindling vine, low

in vitality. It is small because there was not enough good blood

in that vine to make any tuber as large as it should be. It is low in

vitality, as the vine was—a good-for-naught tritliug—because the vine

had no original vigor. There are two kinds of small potatoes.

Those from vigorous vines may give good yields, while those from
spindling vines are a disappointment unless highly fed by a rich

soil under favoring climatic conditions. It could not be otherwise

according to nature's law&, and it is not otherwise in our farm ex-

perience.

The "Eunty" Potato—Too much emphasis can hardly be placed

upon the distinction between the tuber of small size that has been

produced by a vigorous vine and the tuber of same size produced by a

w^eak vine. In the former instance we have a potato—an under-

ground stem or branch—that partakes of the great vitality of the

plant as evidenced by the strong branches. It failed to attain large

size because it belonged to the late setts of the plant, or btv,ause

the plant was late and did not have time for full growth. The tuber

of the other class is small on account of the natural weakness of the

vine. When small potatoes, known by growers as "seconds," are

used year after year in planting, the percentage of runty individuals
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increases rapidly. Nearly the entire product of the spindliug hill

falls into the ''seconds" class. Let us suppose that in one season's

planting there is only one degenerate vine in a hundred. That will

not affect the yield perceptibly. Assuming that each one of the

ninety-nine vigorous vines furnishes one tuber of good vitality for

the ''seconds" class, and that the spindling vine furnishes five tubers,

we have the next year five degenerates out of a hundred and four.

The next season we may expect twenty or twenty-five out of a hun-

dred.

As a matter of thirty years observation in a potato-producing dis-

trict, this rate of degeneracy is not at all unusual in the case of care-

less growers. I have seen crops of thousands of bushels, produced

from small seed taken from a crop grown from small seed, that run

so inferior in size that they were not wanted in market, while fields

planted with seed of high vitality produced tubers of fine size. The

seed was "run-out" through the continued use of "seconds." It is

true that small tubers from spindling vines may not give a failure

of crop when used for planting. It is possible to have a soil so rich

and fine that hi i;h-fceding of the plants brings improvement of the

Sitock. Equally, soil and climate may prevent deterioration of the

stock when "seconds" only are used. Were it not for such possibili-

ties in plant life. Improvement of strains would be slower work

than it now is. But most potato-growers are seeking net profit from

their land, and very many do not have any excess of fertility. As
practical men, they should see that vitality in seed is a prime requi-

site. The plant should come with vigor, not requiring superior fer-

tility to give it courage to grow, but showing good hustling qualities

when first it appears above ground, and ready to use to the full all

the advantages that may be within reach. A vigorous plant will

make a fair yield in moderate soil, and a better yield as opportunity

is given it through applications of plant-food and through choice

tillage.

Medium Large Seed, Best.—While a late sett of a vigorous vine, be-

ing a second in size, has the vitality of its parent vine and may give

as big a yield as a larger tuber, in ordinarj' field culture the chances

are against it. In the case of some varieties, planted in certain soils,

one need not hesitate to use '^seconds" from vigorous hills. Mne out

of every ten of my readers will do best not to use "seconds" at all

for planting. They will obtain, as a rule, finer crops from seed

pieces cut from larger potatoes. Some tests will prove convincing,

but a little study of the matter miay be equally so. The material

in the potato is intended by nature as food for the buds or sprouts

until they have root systems, capable of supplying themselves from

the store of plant food in the soil. A large piece of potato will feed

an "eye" and push its growth more eifectively than a small piece.

There are small whole tubers that will send up only one or two
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sprouts. These beloug to certain varieties, or else were produced

from vines that never matured. These tubers have sufficient nourish-

ment for the one or two sprouts sent above ground, and make de-

sirable seed. But most "seconds" used in planting push several

buds, whether planted whole or cut into halves. They have more

sprouts than they can feed vigorously. More than this, the number

of plants in the hill is too great for the fertility of the soil. The soil

of garden strength and tilth may take care of this excessive number

of plants per acre, and push growth so that a fair proportion of the

numerous setts will attain a good size. Some nearly maximum
yields have been obtained in this wa}'. But success was due not to

the seed but the soil that was equal to the emergency. For the or-

dinary soil and season, the number of plants per acre should be

limited by the use of seed pieces having a smaller number of eyes

than do "seconds," whole or in halves.

FoiiB of Seed.—The form of the tuber is- modified by the soil and

season. A crop of ill-shapen potatoes may be gotten from choice

seed because the ground was hard and interfered with symmetrical

development, or because the season caused growth to be checked and

then to be resumed after a portion of the tuber had begun to mature.

It follows that results from selection for form are not as satisfactory

as those gotten from similar selection in the corn field.

But one should select a variety whose type is pleasing, and then

select seed fairly true to type. This is entirely practical for a

grower on a small scale, but in commercial growing there are ob-

stacles. The season or soil may have affected form temporarily, or

the potatoes brought from a northern point for growing may be

too costly to permit culling for conformity to type. I find it profit-

able always to select for vigor, and there selection must end with

many growers. By selection for vigor is meant the discarding of

all tubers whose appearance does not warrant faith in their ability

to make strong plants. The drawn appearance of the bud at the

so-called stem or butt end of the tuber, the presence of weak buds

just starting, or of little potatoes in the bud, the tendency in a round

or semi-round variety to form a point at the tip end with undue num-
ber of eyes, a hard, brittle texture that causes the cutting-knife to

W'Ork with difiQculty, dark streaksi or blotches undter the skin—any

one of these characteristics should condemn a tuber for planting.

When a man f)lants one hundred acres or only one acre, it is impos-

sible that he can afford not to exercise the care necessary to secure

a stand of strong plants. Some large growers assume that such

care is out of the question. They are planting extensively in rich

soil and get good yields. While such is the case, they are not getting

the yields they should secure so long as some hills are failures be-

cause they would not discard a worthless piece of seed and supply

a vigorous piece. Every piece of worthless seed represents a failure

42
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to get a hill of marketable tubers. The maa who is so rushed by

work that he plants a piece of worthless seed knowingly because he

does not have time to discard it when cutting, or before, is planting

too extensively for best net profit. If the value of a good hill of po-

tatoes, when produced, is not equal to the cost of throwing out worth-

less tubers before planting, there is no money in the crop. Each seed

piece represents a success or failure for a certain area of soil. The

yields of fields are kept low largely by the failure of many hills to do

a fair share of the work of production. Many hills in a field usually

produce at a rate that would seem extraordinary to a grower, while

vacant hills and spindling vines in others, reduce the average to a

moderate yield per acre. When potatoes are drilled eighteen inches

apart in rows thirty-four inches apart, there are over 10,000 hills per

acre. A single potato in each hill weighing a pound, would give

166 bushels per acre. I am entirely aware of the misleading char-

acter of estimates based upon single hills or very limited areas, and

equally am I aware of the practical impossibility of making each hill

do its. fair share, but such estimates as the foregoing have shown
me the folly of using a seed piece that I knew could not make a vigor-

ous vine. Often we do not know; the impaired vitality cannot be

detected. Hence a degree of failure no matter how successful the

crop. But it is indefensible carelessness to use any seed that does

not appear vigorous.

The tubers that make abnormal development are not the safest

seed. The buds often start weak. Experience teaches that it is

wise to select tubers of medium size, unwasted by sprouting in stor-

age, smooth as type will justify, and free from evidence of disease

and degeneracy.

Southern Second-Crop Seed.—Twenty years ago the market for the

potatoes of the producing sections along the Ohio river was found

in the south. This was equally' true for a portion of the New Eng-

land crop, which was quoted in the market reports as ''Boston Peer-

less." These potatoes were sold chiefly for planting, the south being

dependent upon the north for seed, and when we rolled the barrels

out upon the New Orleans levee after storage for many w^eeks in our

flatboats, the sprouted, wilted condition of the potatoes made them
present a sorry sight, but nothing better was available for our cus-

tomers. In time the demand fell ofl', and we learned that the x>lant-

ers were using a later home-grown crop of the preceding year for

spring planting. This was the so-called second-crop seed. Con-

cerning this seed, Professor Massey, formerly of the North Caro-

lina Station, says:

"About twenty-five years ago, by reason of an early and favor-

able spring, in northern Maryland, our early crop matured much
earlier than usual. Many cullings were left in the ground,

which we had intended to prepare for celery. But before we
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had an opportunity to do anything with it, we found so many volun-

teer potatoes coming that we concluded to let them grow. The

weeds were pulled and chopped out by hand, and in November we

dug a fine crop of potatoes from thetse broadcast volunteers. We
wrote to friend® in southeast Virginia that there they could do this

thing regularly, and from that time the growing of the second crop

from seed of the first crop took its rise. Of late, parties about Louis-

ville, Kentucky, have been claiming that the practice originated

there, but we are not disposed to yield the claim to the origination

of the idea. * * * * Our practice is to take the potatoes as

soon as dug in June, clip oif a thin shaving from the seed end, and

then spread them in a single layer in any convenient place and cover

them about an inch over the top with soil. The land is prepared

for the late crop by running deep furrows, going twice in a furrow

and cleaning it ont. Then at any time, last of July and early August,

as the bedded potatoes start sprouts, we plant the sprouted ones

(and no others) without any further cutting, and cover very shal-

lowly in the deep furrows. Planting continues until the middle of

August, though, in some seasons, those that sprout later will make
a. crop, but the middle of August is usually as late as is safe. As
the potatoes make green tops, the soil is worked into the furrows,

until, finally, all is level. The cultivation is as level as possible, the

object being to conserve moisture. If covered in full in the deep

furrow at once, few of them would' grow, but by gradually filling,

we get the roots well down in the moist earth and then cultivate flat

to keep all moisture there. The importance of this crop as a seed

crop cannot be over-estimated. They are gradually making their

way northward for spring planting, and as all who have tried them
find the crop better and earlier than from the northern seed, market

gardeners will be compelled to use them if they are to compete with

their neighbors who do. In our own experiments here, we used

second-crop seed' raised from potatoes from New York and Maine,

planted alongside of potatoes brought the second spring from the

same stocks. The growth from the home raised seed was much more
robust than from the northern seed, and when the potatoes were
dug there was not a potato in the crop from the northern seed that

would not have been classed as a culling in the crop from our home-
grown seed. The late southern crop of potatoes, dug last of No-
vember or first of December, have not started a sprout when plant-

ing time comes here in February, and kept in a cool, dark cellar they
will not start a sprout until after planting time north. They thus

start with the full, strong growth of the terminal bud, and make a

strong, erect main stem; while the northern potatoes, lying many
months in cellar, have to have the sprouts rubbed off, and their
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growth when planted comes from a cluster of lateral buds and from

a partly-exliaus'ted food supply in the potato. The late southern

grown crop is the coming seed crop for all parts of the country."

I began using this seed for northern planting about ten years

ago, and find it fully equal to the best northern seed. It is prefer-

able for early jilanting when small in size, as no cutting is reciuired

and a single stalk, as a rule, is sent above ground by the tuber.

This insures vigor, limits the number of setts in the hill, and gives

marketable size to the crop at the earliest possible date. When the

second-crop tubers are small, as is the case when the planting is

"sery late and frost arrests growth, a less number of bushels is re-

quired for planting an acre. New Jersey now grows an extensive

second-crop, and my own planting of five acres this year with such

second-crop Early Fortune seed was so satisfactory that there is in-

clination to emphasize the desirability of more extended use of the

second-crop for northern i)lanting. It is not urged, however, for

the simple reason that there has been disappointment from receiv-

ing stock not true to name. This seed is wanted for an early market

crop, and our growers have paid the usual high price, and given this

seed the choicest early ground, only to find that the variety was a

late one and unsuited to our conditions. Personally it has been

found best to buy of an acquaintance among producers of this seed,

and it is entirely hazardous to depend upon the representations of

middlemen unknown to the buyer. At the Ohio Station the southern

seed was not found superior to choice cold-storage seed of the north,

but it is superior to the seed ordinarily used because it does not

sprout and waste before spring, as is the case with northern potatoes

in the southern portion of our potato belt.

Commendation of this southern seed may appear inconsistent

with what has been said under another head, but it is not so. The
small size is not objectionable for the reason that it is due not to lack

of vitality but to arrest of growth by close of the season for growth,

and for the reason that the small tuber, or the cut piece, does not put

forth several sprouts, as is so commonly the habit of northern

"seconds." So far as my observation goes, a single sprout from a seed

piece is the rule, though two sprouts maj' not be unusual with some
varieties. In respect to latitude, the second crop is grown so late in

the season that the vines have as much vigor as northern potatoes

growing in mid-summer. It is produced in cool weather. There is

temptation to the southern producer to plant too early for sake of

increased yield, and some years the tubers become very large and are

matured. Such potatoes are less dtesirable for planting.

Immature Seed.—This second-crop potato, is, of course, immature
when growth is stopped by frost. It is an old teaching that the use

of immature seed is inadvisable. That able authority, Mr. E. S. Car-

man, has said: "All analogies point to the conclusions that immature
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tubers as well as immature cuttings of any kind, will produce com-

paratively feeble plants. This is well exemplified by the weakened

constitution of grape-vines grown from green \^ ood." I am not in

a position to attirm tlliat continued use of immature seed will not di-

minish virility in the long run, and I have observed in New Jersey

that the growers prefer Maine-grown stock for the first crop, from

which seed is gotten for the mid-summer planting of the second crop.

But it is an established fact that immature seed is desirable for a

single planting. It does not evidence any lack in virility, and gives

a better plant than matured seed as usually kept in our warm lati-

tudes, because it has not lost by sprouting. The material in the cells

that feed the eyes lias not been broken down ready for starting a

sprout before the desired time for use. So true is this that many
northern growers of early-planted potatoes are learning to plant a

strip very late so that the crop will hardly mature by frost, and to

use this crop for the next season's planting.

Sprouted Seed.—Too much cannot be said against the use of badly

sprouted seed potatoes. The material in the cells at the eyes gives a

stronger bud than a second supply of material can give when the

first bud is removed. The potato should be kept so cool that no

buds will start until wanted. The keeping of seed will be discussed

under another head. In the event that sprouts do start too early,

they should be removed, and the seed should be budded in the light

before planting. There is distinct loss when seed is permitted to

waste by sprouting in bulk.

The Cutting.—There has been conflict in the teaching regarding

the size to which the seed piece should be cut. Careful study of the

results obtained at Experiment Stations and upon farms of commer-

cial growers will show that results under like conditions do not

conflict, and that a safe rule may be gotten for our guidance. For

soils of average fertility and state of tilth, the larger the seed piece,

the more ^vigorous the young plants, and the fewer the plants, the

larg-er the tubers produced. It has been quite definitely demon-

strated that a greater yield in case of most varieties can be gotten

from a whole large potato usediln planting a hill than from any less

quantity of seed, but the increase may not be gotten with profit on

account of the cost of the seed and the average size of the tubers

grown. With most varieties the whole tuber will give more plants

in the hill, and more setts, than is desirable. The proportion of

small potatoes in the crop is made unduly large. The vigor of the

vines may carry a sufficient number of the tubers to merchantable

size to make the-marketable crop equal to, or in excess of, the yield

from a smaller amount of seed, but this is rarely done with profit.

The concensus of tihe best opinions of experimenters is that whole,

large tubers should not be used in planting.
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The other extreme has been the planting of pieces cut to a single

eye. Good results have been obtained from such planting. Kevert-

ing to our rule laid down, the number of plants in the hill is kept

small, favoring quality in the product of the hill. But for the single-

eye cutting, when quite small, we must have the same soil condi-

tions that we have found to give a good yield from seed of somewhat
impaired vigor—one that is very rich in available plant food and that

is in a fine state of cultivation. The small cutting does not contain

much material for forcing growth, and the plant is quickly dependent

upon the soil. If conditions are not highly favorable to the plant,

there will be a smaller yield than w'ould be gotten from more liberal

seeding. The advantages are, reduced setting, which ordinarly is

too free when plants are numerous, and reduced cost of seeding.

There have been so many grievous disappointments from the use

of single-eye cuttings in soil unfitted for such seeding that I recom-

mend such only to the grower providing garden conditions, and even

then only in case of certain varieties whose great fault is free setting

of tubers.

The Middle Ground.—Basing the conclusion upon many years per-

sonal experience and upon the experience of many at Stations and

upon farms, the safe course for the average grower of potatoes,

planted in the spring, is to use a seed piece of good size, such as will

ordinarily contain two strong buds. I regard the size of the seed

piece rather than the number of eyes. If there be sufficient nourish-

ment, a single eye, being a compound bud, may send out two sprouts:

if there be three eyes on the seed piece and insufficient nourishment

for three sprouts, it is very often the case that only two will be sent

to the surface of the ground. A piece of potato of this size does not

dry out as quickly as a smaller one, pushes growth more surely, and
is not unduly expensive.

As has been said", much depends upon the variety and its habit of

setting, and even more depends upon the tilth and strength of the

soil. Good judgment is a decided acquisition in potato-growing, com-

ing into profitable use at every step. Our endeavor only is to indi-

cate the nature of the plant we grow, and the probabilities, based

upon average conditions. As conditions vary, there must be varia-

tion in method to meet them.

Machines for cutting are used with satisfaction by many growers.

My individual preference for the hand-knife is due to the greater

degree of carefulness that can be exercised when cutting by hand.

Bad tubers are more surely discovered, and there is adjustment of

size according to position of the buds so that no piece is left without

a bud.

Much has been written about the cells that lead to the bude. and
the advisability of cutting each piece in such a way that the branch

cells from the central one are not disturbed. This is done by hold-



No. 6. DEPARTMENT OF AGRICULTURE. TOH

ing tlie tuber in such position that the butt end is down, and start-

ing the blade slightly above the eye and cutting downward tow^ard

the center and butt end. Th€ eyes of the potato are terminal buds of

unseen '"branches," and the aim of this method of cutting is to divide

the potato without cutting a "branch" off near its bud. For single

eye-cutting, the system works well with most varieties, and fairly

well when cuttings are larger. There is no clear demonstration that

yield is favorably affected. Probably as good a rule is to seek com-

pactness in form of the seed piece.

Jmpotent Eyes.—In some varieties there is a tendency to form

dormant eyes near the butt end, and this inclination is greater some
seasons than others. The eyes nearest the butt end start more
slowly than those near the tip end usually, and in many varieties the

most vigorous sprouts are well confined to the two-thirds of the

tuber having the tip end. In such cases regard should be paid to

this fact in cutting, preferring that an eye from the middle of the

tuber be joined with one near the butt end rather than that the piece

be so shaped that it contain eyes from butt end alone. ^\Tiere a

tuber affords only four pieces, the old-fashioned method of quarter-

ing through the tip end is as good as any, if not better; but for large,

long tubers I prefer clipping pieces off the butt end, if eyes are all

right, until a size for four pieces is left, when it is quartered.

Clipping the Tip.—It is a common experiment with growers to clip

the tip end off "seconds," the thought being that the eyes there are

too numerous for proper nourishment of the sprouts. But Station

experiments do not justify such cutting, showing no increase in yield.

These eyes are often the earliest ones. It is very often the case that

only one or two of them sends a sprout above ground, appropriating

the strength of the seed piece. I prefer any eye that has been pro-

daiced near this end of the potato to one produced equally near the

other end. It is more sure to give a good account of itself.

Budding in Light.—The practice of starting the buds, or eyes, in

the light before planting was introduced to secure earliness of crop

for market or home use. Having had no extensive experience with

this method, I quote the following description given in Bulletin 36

of the Rhode Island Station

:

''The most desirable seed tubers for budding are those about the

size of hen's eggs, sound and not mutilated in digging. They may
be reserved for the purpose when digging the previous crop,

and if allowed to become 'greened' by exposure to sunlight so

much the better, or they may be selected from the bin at any
time. During stormy days or at any convenient time during

the winter these seed tubers can be placed in the trays and

then stacked up anywhere in the cellar secure from rats andi frost

until wanted. The tray to be filled is placed upon a table or bench

and one end elevated about a foot by placing a box or measure under
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it. Tliea begiuiiiiij^ at tlie lower side the potatoes selected as above

are packed into the rack stem end down as closely as possible one

laj-er deep. Tubers cut or pierced by the tines of a potato digger

or fork should) not be used, as they are likely to produce sickly or

inferior buds.

"About six or eight weeks before planting time the rack should be

placed in a warm and light place where there is no danger of frost

or damage from rats or mice, and tlie trays placed in the rack. If

the temperature is moderate—sixty degrees to seventy-five degrees

—

and a fair amount of light reaches all parts of each tray no further

attention is necessary; they do not require watering. After a few

days tiny white points will be seen at the 'eyes' of the tubers, and a

few days later it will be noticed that one and often two buds on

each tuber will have made more growth than the others. These

buds are far different from the w^hite, watery 'sprouts' of potatoes

kept in a dark cellar. They are thick, firm and tough. If condi

tions are right, at the end of six weeks they will be from half an inch

to an inch in length, and one-fourth to three-eighths of an inch in

diameter, with many rudimentary roots at the base waiting for the

moment when contact with mother earth shall enable them to burst

forth and go about their work of gathering plant food. At the top

of the bud are tiny rudimentary leaves also waiting to do their ap-

pointed) work as soon as opportunity is offered. It is well to look at

the trays each day, as, if the rack stands against a w^all, it may be

found that the buds at the back side of some of the trays where there

is insufficient light have a tendency to grow long and white. In that

case move the rack out from the wall and change the trays about so

as to reverse their position. In such a case more light is what is re-

quired. If the buds are not developing rapidly enough give more
heat, and if growing too fast or storms and frosts prolong the plant-

ing season beyond the usual time, give less or no heat and plenty of

light. When budded leady for planting, they may be held without

injury for days or even weeks by keeping the racks in a cool, light

place.

"The preparation of the soil does not differ from the course usually

followed in growing early potatoes. It should be deeply plowed,

made mellow and filled with soluble plant food. For marking out

the field, a small plow or some implement making an open furrow

about six inches deep should be used. Some fertilizer should be

thoroughly mixed with the soil at the bottom of the furrow which

process will fill it up one or two inches. We are now ready to put

in the tubers. The trays should be taken from the rack and car-

ried to the field in a spring w^agon so as not to break the buds by
rough jolting. At the field the most convenient way is to place a

rack on a wheel-barrow and run it along between the rows. Two
persons can work together at setting the tubers, one on each side
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of the barrow. Eacli should be provided with a thin-bladed knife

and when a tuber has two good buds it is divided as equally as pos-

sible without injury to the buds and the pieces immediately and care-

fully placed in the bottom of the furrow, the buds pointing upward.

When there is only a single well-developed bud the tuber is planted

whole. Earth to cover them is drawn into the furrow with a hand-

hoe."

Modifiedi Method of Budding.—The description quoted is given on

account of its value to the grower of extra early potatoes, and es-

pecially for the reason that a modification of this method has value

for all growers. While earliness of maturity is sought by those

using trays for budding, there iis a big gain in the vigor of the plants.

Not only is the time between planting and harvesting shortened, but

yields are increased as a result of increased vigor of the vines. This

makes the matter of budding interesting to all growers. It is not

feasible to expose all seed to the light in trays and then to plant by

hand, but we have learned that seed may be spread over the floors

of barns, sheds, etc., for ten days or more before planting with good

results. It is important that the tubers be spread very thin—one-

deep is best—and that light be admitted freely. The buds push

quickly and are thick and vigorous. The air makes the sprouts tough

so that they do not break off in planting, and any bad seed can be

thrown out. Such method is becoming common in sections practic-

ing very late planting. The seed can be kept for weeks in late spring

without injury when exposed to sunlight. If placed in a dark room,

or if not turned occasionally, the sprouts grow white, tender and

long, and break off when handled in planting. The secret of success

in budding is to keep the potato in so much light that the sprout will

not push out toward it, but will rest in it developing thickness and

fitting itself for strong growth when the undeveloped roots at its

base are given soil and moisture. This plan is suited to the needs

of the late or June-planted crop. There is yet another modification of

the system of budding that is adajjted to the needs of the farmer

who plants his crop in early spring, and it will be described under

the head of "planting."

Varieties.—A glance at the results of variety tests at the various

Stations impresses the truth that financial success or failure in po-

tato-growing may be determined by the choice of variety. Growing
under even conditions, one variety gives less than one-half the num-

ber of bushels per acre yielded by another variety. The soil may be

right, the culture good and the seed in first class condition, but if

the variety is not right, the yield will be relatively small. The va-

rieties of potatoes are numbered by the hundreds in this country

alone. Many of them never had sufficient value to justify their in-

45—6—1902
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troduelion, wliile some have peculiar litaess for the climatic and soil

conditions of limited areas and are valueless outside of those sec-

tions. There remain a few score of varieties that were decided ac-

quisition, when put upon the market, and of these few score it is tlhe

individual grower's business to select Ihe one or ones most valuable

to him.

How they Originate.—Most new varieties are seedlings, though a

few of our valuable ones are "sports" from old varieties, their char-

acteristics having been fixed by careful selection. Seedlings are

fairly easy to produce, but probably not one variety out of ten thou-

sand secured proves actually to be worthy of introduction. The true

seed of the potato is in the seed" ball. The ball is dried, the seed is

removed, and should be planted in early spring in pots. Transplant-

ing in the earth is done when the weather becomes warm, and these

plants produce tubers of many shapes and colors. Selection of the

most promising ones is made, and each one should be planted by it-

self. If the crop from any one again gives promise of value, it is

made the basis of a new variety whose characteristics are fixed by

selection of tubers true to the type. Years are required to fix char-

acteristics, and finally, when tested by the side of an old variety, it

may prove inferior. It has cost time and money, and the tempta-

tion is to push it upon the market with extravagant claims of merit.

These facts are not given for the discouragement of beginners in the

work of developing new varieties. Within bounds it is a labor to

be commended to the grower who has a little leisure and some taste

lor such work. There is always the chance of bringing into exist-

ence something of decided value that not only will add substan-

tially to the wealth of the country, but also will make a good cash re-

turn to the introducer. It is a safe guess that varieties will be found

in the future whose merit will exceed anything we have, and the men
who produce them will serve the people as well as themselves indi-

vidually. But the chances of failure are mentioned that we may be

slow to invest in every novelty that is placed before the public. New
varieties that are decided acquisitions, possessing a merit in higher

degree than any other, are added very slowly to the list of safe va

rieties for planting.

How to Test.—There is a very general disposition on the part of

farmers to give an extra chance to a new and costly variety they pur-

pose testing. If the purpose is to find something of extra merit to

take the place of a variety in use, the place to test is in the field under

field conditions. If it cannot show superiority in a row side by side

with the variety that is furnishing the income from the crop, it is

a poor investment. It should have the same tillage, fertilization

and, shall I say neglect, that are given to the general crop. If it then

show superiority, it is worthy of another trial to indicate its action

under other seasonal conditions. Rigid tests are the only ones
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worthy of practical men who projiose to use the results in deciding

whether their chance of net profit from commercial potato-growing

shall be placed in the keeping of a new variety or left to rest upon

old varieties. The seed-grower has a different view-point. He is

catering to the public demand, and when he believes that a new va-

riety of potatoes is to receive a lot of booming from its introducer,

it is his business to secure the most bushels possible from his limited

and costly stock of seed in order that he may erpply the calls upon

him for this variety. It is given the best ground available, and no

pains are spared.

Selecting Variety.—The grower should know his market and be

governed in selection of varieties accorddngly. City markets differ

in their requirements. One will demand a long, white potato, and

the demand is traceable to its liking for some old variety of that type

which quite possibly has ceased to be produced. More productive,

and usually less palatable, varieties of similar form have taken its

place, and are sold by dealers under the old, well known name that is

used by most consumers when ordering. Another city market de-

mands a round potato for like reason. It does not pay a grower to

try to educate a city market, and he does well to plant a variety of

the general type in demand. In smaller markets the grower who dis-

poses of his crop from his wagon, and has a regular custom, can in-

troduce a new type of potato of superior merit with profit. Condi-

tions determine what should be planted, and money has been lost by

failure to study market requirements. Color is even more import-

ant than shape. It is a waste of time to attempt to convince a city

market of the choice quality of a blue potato, however meritorious,

when the people are accustomed to the sight of white or slightly pink

varieties.

Limiting Demand.—The amount of potatoes consumed by the

people is limited by the quality. Unfortunately many of the most
prolific varieties are not high in table quality, and some of the most
productive potato soils give tubers of poor flavor. The grower is

mindful of net profit for the season, and plants the variety that

promises the greatest return per acre. For this he is not to be con-

demned, but it results that millions of bushels of potatoes go on the

market every season, limiting demand by reason of their poor edible

quality. The consumer cannot discriminate when buying, and those

who are unforunate in selection do not consume the amount they

otherwise would use.

Some varieties are good keepers, and improve in quality as spring

approaches. On the other hand, some of the choicest varieties de-

teriorate in quality rapidly by spring. Soils alTect quality, and a

''soggy" variety in one soil may be of high quality in another. Twen-
ty-five years ago the Peerless was a watery potato with us, and yet
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it wae grown by the tens of thousands of bushels in our valley be-

cause it was the one variety most salable in our market—New Or-

leans-—which was a depot for shipment of seed potatoes to the Gulf

planters. The crop grown from the Peerless in the south suited the

market, and our business was to supply the potatoes for planting, and

to grow the variety wanted, adding a quarter of an acre of a more
palatable variety for home use. There is a limited demand for a

soggy potato from restaurants and hotels who want it for slicing.

Hut a dry potato, bursting its jacket when boiled, and having a high

flavor, is the one that helps to increase the popular demand for this

vegetable.

Effect of Soil and Season.—Just as the prolificacy of a variety

cannot be determined by a single test, so is a single season's test of

table quality indecisive. Varieties vary with the season and soil.

The highest quality in any variety is gotten in a year of rapid and

constant growth. A check to growth from drouth, followed by re-

newed growth, usually causes a part of the tuber to develop while

the remainder continues to harden its skin and mature. The new
material is deposited in the tip end, destroying the typical propor-

tions of the variety, or is formed into knobs and prongs that are

unsightly. If the season of new growth is prolonged, the old ma-

terial in the tuber becomes soggy and strong. Some varieties stand

drouth much better than others, waiting for the rains, and remaining

smooth when new growth is added.

The soil affects quality most materially. Heavy, wet land can not

give us a good eating potato. We have in this country some acid

soils that are full of vegetable matter, and produce immense crops

of potatoes whose skin is exceptionally smooth and clear of disease

as a result of the acidity, and yet whose table quality is very poor.

For home use and for a ddscriminating market, a loose, well-drained

soil, well-filled wdth humus for the retention of moisture, will give

good quality.

Disposition to Form Setts.—In my own experience a serious fault

of many varie'ties is the habit of too free setting. The grower too

frequently is inclined to regard the number of potatoes in a hill

rather than the size. The market demands good size, and a rather

big percentage of buj-ers are influenced in their choice by this

quality. Only in exceptional cases are the largest tubers the most

desirable. They cannot be cooked whole as perfectly as smaller

ones, and often they are hollow or hard in the center. The best flavor

of a potato is gotten only when it is cooked in its jacket, without a

break of the skin, and when so prepared, baked or boiled, the potato

of moderate size is most convenient. But the buyer does not recog-

nize these facts, and size is the big consideration in most markets.

Size is determined largely by the number of setts, and that is con-
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trolled very gieatly by the Labit of the variety. We exercise some
control through the number of eyes left on a seed piece, but even

when we cut to a single eye the necessary closeness of the hills may
give too many setts, and the small cutting is quite apt to give a vine

lacking vitality to bring to full size all tbe setts it may make. Some
varieties are faulty to a marked degree in this respect. Others may
set too scantily. But there should be insistance upon the point that

we usually have too many tubers in the hill. A little calculation

will make this clear. "Where w^e have ten thousand hills in drilled

rows on an acre, and have in each hill three tubers averaging tw'o-

thirds of a pound each, we have a yield of 333 bushels per acre.

In reply, the usual remark of the grower is that many hills will not

have any marketable potatoes, and other hills must be large to make
the average fair. If this is so ,the fault lies not with the thrifty

hills, but with the failures, and it is our business to make ninety-

five hills out of every hundred do their full share. I should have

likedi to eay "every hill," but while this is entirely feasible in limited

plantings, I do not, in my own experience, find it safe to expect a

solid stand of thrifty plants, no matter how much reasonable care

is exercised. With some lots of seed, and especially with budded
seed, this may be approached so nearly that it is practically perfect,

but in the usual field plantings we use some seed pieces that do not

grow at all or fail for some reason to make a crop. However, it is

only a fair expectation that ninety-five hills out of one hunda-ed will

make a fair yield when we use all reasonable precautions as to soil,

seed, planting and tillage. With a full stand of plants, the number
of setts made by a single vine should be small, and a highly desirable

quality in a variety is a disinclination to set as freely as seedsmen
give assurance that it will do. A point of superiority in the

second-crop seed of the south is its failure to set as abundantly as

ripened northern potatoes. It can push to good' size all the tubers

it forms, if soil and season favor, and the good yields obtained are

due to the good size of the tubers rather than to an abnormal num-
ber of undersized potatoes.

Kesi^ant Varieties.—In the selection of varieties resistance

against effects of drouth, disease and insects, is one of the important

considerations. A potato may be prolific and of high quality when
the season is entirely favorable, and yet be one of the most worth-

less of varieties in an unfavorable season. The variation in resist-

ance to drouth and to disease is marked. As soils grow older, drouth
affects them more quickly, and as potatoes continue a leading crop

of a locality, diseases become established. In selecting a variety for

main crop I want to know that it will do relatively well in a bad
season. In years of abundance the potato-growler finds prices too

low for much profit, and he learns to diepend upon other years for
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his best income. A good half-crap in a year of general failure means

more net income than a full crop when prices are dragging badly.

I have grown potatoes that yielded well in a good year but failed

mieerably in a bad year because the variety could not stand any hot,

dry weather, or because it was peculiarly subject to the blight.

We have, to-day, a large number of varieties whose habit of growth

is as similar to, and whose characteristics are known to the public

as widely in, the Carman potatoes, probably, as in any varieties I

might name. This Carman type has a foliage that resists disease

well, and the varieties stand drouth better than many others. The

branches of the vine are late in making their heaviest grow^th, and it

may be for this reason that early blight does not attack them readily.

So far as my observation and experience go, we have nothing better

for our hot seasons and drouthy lands than the varieties whose habit

of growth cause them to be classed together as a type to which I

venture to give the name of Carman because the Carman No. 3 is a

well known representative of the class.

Ohio Station Variety Tests.—No other Experiment Station makes

as complete variety tests of the potato as does the Ohio Station.

The work is in charge of Professor W. J. Green, whose high rank as

a horticulturist and whose conservatism and safeness in estimating

value are widely known. In Bulletin 183, he publishes some notes on

varieties that are descriptive, and will prove most helpful to growers

in making selections for trial. His results in bushels per acre are

influenced by the soil and climatic conditions of the Station farm,

and are not given here, but the characteristics of varieties noted by

him will be found fairly correct for most sections of the country.

For this reason space is devoted to them, selecting only those va-

rieties that have had a test of three or more years at the Station.

"Notes on Varieties, Bulletin 133, Ohio Station.—The following

notes on varieties are rather more descriptive than usual, for the

reason that such descriptions will tend to help those who are about

to make selections for special purposes:

In selecting a variety, one must first fix in mind an ideal of that

which is needed for his particular purpose, whether for the table or

for market, and often for a special market, which may require a po-

tato of a particular shape or color. With this ideal in mind he can

be much more definite in his search for the desired variety.

In these descriptions, particular characteristics are given as far as

we have been able to give them, and attention is called in many
cases to resemblance to other varieties. So far as adaptability of

varieties to certain soils is concerned, not much help can be given,

any further than to state that the soil on the Station farm is made
up of considerable quantities of silt, mixed with clay, and is usually

described as a clay loam. It is moderately fertile and has not been
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highly enriched. It is better adapted to wheat and potatoes than

to corn. The potato crop seldom fails on this soil, but large yields

are not often secured.

The depth at which potatoes grow is influenced largely by the

method of cultivation; thus the notes on this point would not hold

true under a method differing materially from that used at the Sta-

tion, which is practically level culture.

The notes given on tendency to sprout and keeping qualities of the

various varieties have been made from rather limited observation,

and some of them may have to be modified after further experience:

Acme.—Plants medium size, sixteen to twenty inches tall; some-

what spreading, more so than Early Ohio or Early Trumbull; me-

dium to large leaflets, healthy; blights but little.

Tubers medium size; resembling Early Ohio in form and color, al-

though not a uniform. The most noticeable difference in appearance

between the Acme and Earlv Ohio is in the eves, the eves of the Acme
being more deeply set than those of the Early Ohio; skin quite

smooth; tubers grow medium depth and close together; yields about

the same as the Early Ohio and ripens at about the same time. Does
not sprout easily and is a good keeper.

Banner.—Plants twenty to twenty-five inches tall; slender stems,

purple at base, thin foliage, dark color.

Tubers resemble Carman No, 3; potatoes grow medium in depth

and quite close together. In 1899 yielded very heavily, in 1900 yield-

ed well, in 1901, was not grown at the Station.

Bovee.—Plants twenty to twenty-four inches tall; a strong grower;

large staJks, three to five in number; somewhat spreading; leaflets

large, thick foliage; not much inclined to blight.

Tubers medium size; medium length; cylindrical; color white with

pink markings; eyes medium size and depth. Not quite as early as

Early Trumbull, Acme or Early Ohio. A prolific and profitable va-

riety. Does not sprout badly and is a good keeper.

Carman No. 3.—Plants twenty-two to twenty-three inches tall;

upright; branches grow upright and slender; foliage medium dark

color; vigorous.

Tubers medium to large; short; slightly flattened; often tapering

toward stem end; color white, not quite as clear as Rural New Yorker
No. 2; skin smooth; eyes few and shallow; tubers grow medium in

depth and close together. A good market variety, but not of the best

quality. Small and unmarketable tubers very few. Some varieties

give a greater total yield per acre, but few excel it in marketable
product. A medium late potato. Sprouts quite easily; is a fairly

good keeper, but not as good as some varieties.

Commercial.—Plants twenty-two to twenty-six inches tall; a
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strong grower of upright tendency; thick heavy stems; very thrifty

appearance; peculiar growth, branching out lilie a tree.

Tubers medium to large, very few^, too small for market; form

somewhat irregular; medium length; tapering toward stem end;

flattened; color, light pink, nearly white; surface irregular; deeply

indented at places, usually at eyes; would waste considerably in par-

ing; skin somewhat rough; eyes small and medium to shallow, ex-

cept where indented. Potatoes grow scattering in hill and medium
depth. Quite prolific, but too large a per cent, off shape. Does not

sprout easih'. A good keeper.

Dewey.—Plants twenty to twenty-five inches tall; upright, tall

slender stems, purple at base; foliage resembles Carman No. 3 in

manner of growth but is a shade lighter in color. Not very much
inclined to blight.

Tubers medium to large; form quite regular; short; somewhat flat-

tened; usually tapering toward stem end; resembles Carman No. 3

in form, a little more regular perhaps; color clear white, about the

same as Rural New Yorker No. 2; skin very smooth and clean; eyes

feW'; rather large, shallow. Potatoes grow close together and me-

dium in depth. Does not sprout quite as easily and seems to be a

little better keeper than Carman No. 3. Ripens with Carman No. 3.

Early Dawn.—Plants sixteen to twenty inches tall; slender stems;

large leaflets; foliage medium; dark color.

Tubers medium size; medium length; cylindrical; resembling Early

Rose somewhat in form; color pink, about the same as Early Ohio;

skin smooth; eyes quite large, medium depth. Potatoes grow me-

dium in depth and close together. Does not yield as well as most

earl^^ varieties. Does not sprout quickly and seems to be one of the

best keei)ers of the early varieties.

Early Harvest.—Plants eighteen to twenty-two inches tall; up-

right, spreading; a strong grower; medium sized stems; medium
dark color. Not very subject to blight.

Tubers meddum size; 12 per cent, too small for market in crop of

1901; medium to long, slightly flattened; color white; skin smooth;

eyes quite large, medium depth. A clean looking potato. One of

the best early white sorts that has been given a long trial at the Sta-

tion. Sprouts quite quickly but remains firm even after having

sprouted somewhat.

Early Michigan.—Plants eighteen to twenty-two inches tall;

spreading; large leaflets; dark colored foliage; stems medium size.

Tubers medium to large; medium length; flattened; oval; color

white; skin quite smooth; russeted somewhat, giving a brownish

appearance; eyes small, shallow; a good many small potatoes in

1901; 15 per cent, unmarketable. Does not run as large nor as even
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as some; quality good. Total yield' about the same ae Early Har-

vest. Sprouts quite quickly but keeps fairly well.

Early Ohio.—Plants twenty to twenty-four inches tall; an upright,

spreading grower; large stems, medium sized leaflets.

Tubers medium size; medium, rather short, cylindrical, run quite

even; color pink; skin quite smooth but not as smooth as Early

Fortune or Early Norwood; eyes medium size, quite shallow, rather

conspicuous. Potatoes grow quite close together and medium in

depth. This is still the standard early variety. Does not sprout

quickly and keeps as well as any early variety.

Early Thoroughbred.—Plants twenty-two to twenty-six inches tall;

spreading, covering a good deal of ground; medium sized leaflets,

dark color; not much inclined to blight.

Tubers medium size; form variable, quite long, some taper toward

one end and some toward the other and some toward both end»s, flat-

tened; color dark pink, much like Early Norwood; skin inclined to be

rough over a part of the surface; eyes medium size, shallow. A good

early variety. Possibly an improvement upon Early Rose. Sprouts

quite quickly. A fairh' good keeper.

Early Trumbull.—Plants eighteen to twenty-two inches tall; quite

spreading vines, thrifty; foliage thick, medium dark color.

Tubers medium to large; form variable, some medium length, some

quite short; slightly flattened, a little irregular; color white; skin

usually smooth, sometimes roughened; eyes small, shallow, incon-

spicuous. Has proven to be one of the best early sorts tested here,

yielding ahead of most early varieties. Sprouts quite quickly. Keeps

about the same as Early Thoroughbred.

Early White Ohio.—Plants sixteen to twenty-two inches tall; a

medium sized grower, with upright tendency; does not spread much;

slender stem; medium to large leaflets; foliage medium density; light

color.

Tubers meddum to large; medium length; some quite short, slightly

flattened; a little irregular; color white; skin inclined to be rough

over about half of the surface; eyes medium size, shallow. Appears

not to be very prolific. Sprouts quite quickly. Keeps fairly well

but not as well as most other Ohio sorts.

Enormous.—Plants twenty to twenty-two inches tall; rather tall,

spreading variety; large stems; large leaflets; foliage medium in

density; light in color.

Tubers large to very large; rather long; slightly flattened; often

irregular; color white; skin inclined to be rough on many specimens;

eyes variable in depth, but mostly shallow and inconspicuous. A
heavy yielder and a good market variety but of rather poor quality.

This variety has not given satisfactory yields generally, but has near-

43
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ly always done well at the Station. A medium late variety. Sprouts

quite quickly but not very badly. A good keeper.

Extra Early Pioneer.—Plants sixteen to twenty-two inches tall; a

strong growing, rather large plant; medium sized stems and leaflets;

very little tendency to blight.

Tubers medium to large, few too small for market; mostly long,

slightly flattened, some oval, tapering toward stem end; color pink,

lighter than Early Ohio, about the same as Baker's Extra Early;

skin inclined to be rough on some, usually smooth; eyes medium to

large, shallow. Gives about an average yield for an early sort.

Sprouts quickly.

Gem of Aroostook.—Plants twenty to twenty-four inches tall;

thick stems, upright, somewhat spreading; medium dark colored,

thick foliage; blights some but not badly.

Tubers medium to large; medium length; flattened; color white;

skin very smooth; eyes numerous, medium size, shallow. Appears

to be promising as a midseason variety. Does not sprout very badly.

Apparently a good keeper.

Green Bay Triumph.—Plants twenty to twenty-four inches tall; a

medium tall, spreading grower, with large stalks and leaflets; foliage

light color; quite inclined to blight.

Tubers small to medium; very short, length often less than diam-

eter; roundish, usually slightly flattened; color yellowish white with

pink tint to eyes; skin fairly smooth; eyes medium size, shallow.

Yields about the same as Early Ohio. Does not sprout badly. A
good keeper.

Irish Queen.—Plants eighteen to twenty-two inches tall; a strong,

compact grower, not very spreading, upright, large leaflets, thrifty.

Tubers medium size, short, a little irregular, some oval, some
rounded, mostly flattened; color white, about the same as Rural New
Yorker No. 2, except a slight pink tint about the eyes; skin quite

smooth; eyes small, shallow, inconspicuous. Potatoes grow shal-

low and close together. Not a heavy yielder. Sprouts quickly, and

is inclined to shrivel; not a very good keeper.

Joseph.—Plants twenty to twenty-four inches tall; spreading;

stems thick; diense foliage; very little tendency to blight.

Tubers medium size; 20 per cent, too small for market in crop of

1901; medium to long, flattened, oval; color light pink, about the

same as Extra Early Pioneer; skin quite smooth; eyes small, mostly

shallow, some medium depth. Potatoes grow medium depth and

close. A fairly good but not heavy yielder. Sprouts quickly and is

not an extra good keeper.

Lakeside Champion.—Plants twenty to twenty-four inches tall; an

upright spreading grower, medium sized stems, slightly irregular

in row; somewhat inclined to blight.
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Tubers medium size; medium to long, considerably flattened, taper-

ing toward one end or the other; color white; skin a little rough;

eyes medium size, shallow; too irregular for best appearance.

Si)routs quite fjiiickly. Not a very good keeper.

Livingston.—Plants eighteen to twenty-four inches tall; a tall,

upright, spreading grower, very vigorous, thick stems; not inclined

to blight.

Tubers medium to large; medium to long, uniform size nearly en

tire length, sometimes tajjering; slightly flattened; color white, pink

eyes, discolors quickly and badly on short exposure to light; skin

sometimes slightly russeted; eyes small and shallow. A good yield-

er and cooker. Does not sprout quickly. Is very firm and a good
keeper.

Pat's Choice.—Plants twenty to twenty-four inches tall; upright,

spreading, very even in row; slender stems, medium thick foliage,

thrifty; not inclined to blight.

Tubers medium to large; medium to long, slightly flattened, some
taper toward stem end; color pink, eyes decidedly pink; skin usually

smooth, some specimens quite rough; eyes few, small, shallow. A
good potato, shapely, fine appearance, and of good quality. Yields

about the same as Sir Walter Kaleigh. Does not sprout quickly

and is a good keeper.

Pingree.—Plants eighteen to twenty-two inchee tall; upright,

somewhat spreading, vei*y even in row, thrifty, thick stems; not very

susceptible to blight.

Tubers medium to large; medium to long, slightly flattened, of uni-

form diameter nearly the entire length; color white, about the same
as Rural New Yorker No. 2; skin smooth; eyes medium size and me-

dium depth. Potatoes grow shallow and quite close together.

Yields about the same as Pat's Choice. Sprouts quickly but remains

quite firm and is a fairly good keeper.

Sir Walter Raleigh.—Plants twenty-two to twenty-six inches

tall; a tall, upright, spreading vine; large stalks, slender upright

branches, resembling Carman No. 3 in manner of growth. Not much
inclined to blight.

Tubers medium to large; short, thick, slightly flattened, tendency

to oval, resembling Carman No. 3 very much in form; color white,

but not as clear as Rural New^ Yorker No. 2; skin smooth, clean;

eyes few, small; usually very shallow and inconspicuous. A good
market sort. Sprouts quite quickly; keepe about the same as Car-

man No. 3.

State of Wisconsin.—Plants twenty to twenty-six inches tall; u[>-

right, dark colored leaflets, several small hills; but inclined to blight

much.

Tubers medium to large; very short, some somewhat flattened.
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mostly uot flattened, some quite oval; color clear white, same as

Rural New Yorker No. 2; skin very smooth andi clean; eyes few,

small, shallow, inconspicuous. A very clean looking potato. Not

a very good yielder. Does not sprout badly. Has fairly good keep-

ing qualities.

Suilolk Beauty.—Plants twenty to twenty-four inches tall; a

rather tall, upright, spreading grower; large stalks and branches;

very little tendency to blight.

Tubers medium to large; short to medium, thick, somewhat flat-

tened, some quite oval; color white, although not very clearly so,

seems to have a pinkish tint; skin quite smooth; eyes large, shallow

to medium depth. Resembles Quick Crop somewhat. Has yielded

about the same as Carman No. 3 at the Station. Sprouts very little.

A good keeper.

Triumph.—Plants eighteen to twenty-four inches tall; a rank grow-

er, spreading, large heavy stalks; very much inclined to blight.

Tubers medium size; short, rounded, quite regular; color deep

pink; reddish; skin quite smooth; eyes rather deep; grows scatter-

ing and shallow. Not a good color. Very early but of poor quality.

Uncle Sam.—Plants twenty to twenty-four inches tall; upright,

somewhat spreading grower; large stalks, stands up well; not much
inclined to blight.

Tubers medium to large; medium to long, slightly flattened, some

oval, some taper toward one end or the other; color white; skin

smooth; eyes small to medium size, shallow. A fine looking potato.

Quality, fair; a good yielder, and a good keeper.

Vigorosa.—Plants twenty to twenty-five inches tall; upright,

spreading, large stalks, even in row, heavy foliage; very little tend-

ency to blight.

Tubers medium to large; medium to long, mostly considerably

flattened, oval, quite uniform; color white; skin quite smooth, wdth

slight tendency to roughness on seed end. Tubers of good size,

shape and appearance. Yielded as well or a little better than Sit

Walter Raleigh the past three seasons at the Station. Sprouts quite

quickly, a little inclined to shrivel, but a fairly good keeper.

White Beauty.—Plants twenty to twenty-eight inches tall; up-

right, spreading, slender stems, irregular in row; somewhat inclined

to blight.

Tubers medium to large; long, nearly cylindrical, slightly flat-

tened, mostly of uniform diameter nearly entire length, some taper

slightly; color white; skin a little rough, russeted over entire sur-

face; eyes very small, very shallow, inconspicuous. Has yielded

about the same as Joseph the past three seasons. Does not sprout

very quickly, and remains very firm, apparently one of the best

keepers.
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White Bliss Triumph.—Plants eighteen to twenty-four inches tall;

upright, not very spreading, heavy stems, not much branches, large

leaflets, foliage thin; not much incline to blight.

Tubers medium to large; very short and thick, diameter usually

greater than length, very slight tendency to flatten; color white,

very slight pink tint to eyes; eyes few, quite large, shallow; skin

fairly smooth. Resembles Junior Pride of the south very closely.

A fair but not heavy yielder. Does not sprout quickly. A good

keeper.

White Mountain.—Plants twenty-four to thirty inches tall; up-

right, large stalks with long slender branches, regular in row, heavy

foliage; very little tendency to blight.

Tubers medium to large; short to medium, quite thick, some slight-

ly flattened, others not at all, some oval, some cylindrical; color

white; skin has a tendency to roughness around seed end; eyes

medium size, shallow to medium depth. A standard potato in some
sections of the country. Has given as good or better yields than

Carmen No. 3, at the Station. Does not sprout quickly. Is firm and

a good keeper.

Whiton's ^Vhite Mammoth.—Plants twenty-two to thirty inches

tall; upright, spreading, stalks thick, foliage thick, long slender

leaflets, regular in row; not much inclined to blight.

Tubers medium to large; short to medium, rather thick, not very

uniform, some taper quite decidicdly, flattened; color white; skin

quite smooth; eyes small, medium depth. A good yielder and a re-

liable market sort. Sprouts quite quickly, but seems to be a good

keeper."

To this list of varieties that have been given a three years' test at

the Station, I desire to add one that has received a single year's test

—the Early Fortune. This variety is showing value in sections de-

voted to the growing of early potatoes and is one of the best of which

I have knowledge. Professor Green's estimate from a single year's

test is as follows:

'"Early Fortune.—Plants twenty to twenty-five inches tall; upright,

broad spreading; a strong grower. Has very little tendency to

blight.

''Tubers medium to large; medium length; slightly flattened, taper-

ing toward stem end; color pink; a trifle lighter than Early Ohio;

skin smooth; eyes medium size and depth. A clean looking potato;

has a smoother, neater appearance than Early Ohio. One year's

trial indicates prolificacy. Sprouts quite quickly but keeps well."

In these notes of Prof. Green, the "blight" referred to by him is not

the ''late" blight, as I understand it, but the "early" blight which

causes premature death of vines, not attended by rot.
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PLANTLNG POTATOES.

No arbitrary rules can be laid' down safely for our government

in the growing of any crop. Soil and climate are varying factors

to be considered. But we can know the nature of the plant we
would grow, and learn what conditions favor it, and then use those

methods which, in our particular instance, will most nearly secure

those conditions. We have learned that the potato likes a cool,

moist soil, and we know that extreme heat is harmful. A corn plant

likes heat. We learn to guage roughly the yield of corn in the

United States by watching the range of the thermometer. There

must be moisture for corn—moisture is the first essential in all plant

growth—but moisture with absence of normal heat will not give us

a good crop of corn. Great heat with normal moisture will give us

a very big yield. Heat fills the cribs rapidly. This cereal being a

heat-loving plant, we wait until the ground is warm before planting;

we do not plant deeply but let the first roots feed at the surface, and

we try to utilize the mid-summer heat for forming the ear.

But the potato, as we have seen, does not want so great a degree

of heat. It thrives best in the most northern States, or on moun-

tain ranges having the climatic conditions of more northern regions.

It wants the cold that corn dislikes. In the center of the corn belt

we plant that grain after the soil warms up, and yet early enough to

bring the earing stage in mid-summer when there is abundance of

heat. In the latitude of best corn production we have too much mid-

summer heat for the potato, and we learn to do one of two things:

To plant very early and get all growth possible before August, or to

delay planting so late that the vines will be making their best de-

velopment of tubers in September when the nights are cool. WTiere

the planting is very early, even in case of medium varieties, a fair

yield may be gotten by the first of August. If that month should be

unusually cool, a maximum crop is gotten, but we count upon the

time prior to that date. When the planting is late, we do not want
any approach to maturity of vines until the fall brings cool weather

favoring growth of tubers. For this belt nothing can be said in

favor of planting at a time half-way between early and late. The
vines reach a stage of growth that makes them subject to the dis-

eases that develop in great heat, and yet have not had time for mak-
ing a crop. Farther north these conditions do not prevail; the

summers are cooler, and planting in May is as safe as earlier or later.

Early or Late Planting.—No one can decide whether early plant-

ing or late planting will give the best results until each is given a

faithful trial. It is a matter of soil, climate and market conditions.

Some localities succeed admirably with June-planted crops while

other localities of the same latitude fail utterly. It is largely a ques-
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tion of moisture. If land have plenty ot liumus, or if it be so located

that autumn rains may be counted upon with some certainty, there

is much in favor of growing the crop in the cool days of fall. The

season of cultivation is shorter, there is better control of weeds,

early blight is less to be feared, and there are fewer insect enemies.

As a rule, moreover, when June-planting does succeed, the yields of

these late-planted fields exceed the yields from early planting, so

that decreased expense in growing is attended by increased yields.

One serious objection to late potatoes is interference with a crop

rotation that is desirable in the belt of which I write. For thirty

years in my own experience have I noted the advantages of a three-

3 ears' rotation of potatoes, wheat and medium red clover. Potatoes

pave the way for wheat, giving a nearly perfect seed-bed, but this

is possible only with the early-planted crop. I do not mean early

varieties, necessarily, but medium varieties, like the Carman, planted

very early, which make their crop before fall, and can be harvested

before time for firming the seed-bed for fall grain. A late crop of

potatoes does not get out of the way for fall seeding, and disrupts

one of the best crop rotations known.

There is the additional objection, and a most serious one for the

belt of which the fortieth parallel of latitude is a central line, that

the crop comes into the most direct competition with the northern

potatoes that are grown undier the most favorable climatic condi-

tions and can be placed upon the market more cheaply than our more

southern crops. I incline to think that the best money has been

made in late years by those growers who had a ripened crop ready for

market before frost. The autumn frosts stop the growth in the

northern fields, and there is a rush of their product upon the market

that nearly invariably causes a decline in price.

The disadvantages of early planting may be great. Heavy
spring rains are not infrequent, and cause some rotting of seed.

They jjack the soil seriously, undoing much of the work of preparing

it for planting. Late frosts may cut the tops, and such damage can^

not be fully repaired by the plant. The stem underground may not

rot, but it sends out too many branches to take the place of the old

top, and the yield is rarely, if ever, satisfactory. The potato beetles

and the flea beetles time their arrivals to catch the early-planted

fields at a tender stage. But in very much of the belt of country

mentioned there are advantages that counterbalance all disadvan-

tages. A chief one is the probability of a better supply of moisture

in the first half of the year than in the latter half. There may be no

more rainfall, but evaporation is less rapid. Indeed in this belt the

area devoted to a late-planted crop is far smaller than that given

to early planting, experience having demonstrated the danger of

drouth in September. The time of planting is a matter to be de-
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cided by the grower for his own soil and market—either quite early

or quite late. He may do best to get his chief growth before Au-

gust; he may do best to hold) the crop back for the cool season after

August. A compromise between these dates is not satisfactory in

the ordinary season, for the reasons stated.

Depth of Planting.—Just as our knowledge of the nature of the

potato guides us in determining the time of planting, and the cor-

rectness of our knowledge is attested by our experience, so are we
guided in respect to the method. Much failure in the potato crop

is due to shallow planting. It is all right to plant corn shallow

—

it wants the heat, and should root in the surface soil; but the seed

potato should be down where the soil is cool and moist. The depth

depends upon the soil. If it be loose and well-drained, a depth of

four or five inches under the level of the surface when firmed with

the hand is not too much. If the ground is heavy and" not well drain-

ed, a less depth is better. Experience was required to convince me
Ihat I was not planting three inches deep when dropping by hand in

furrows apparently five inches deep. The sides of the furrows, thv

pieces of turf that held the seed up from the furrow bottom, the ridge

thrown over the seed—all help to deceive one concerning depth. After

the planting, when the soil had been made level with the plank drag,

the seed would be found not two inches below the firmed surface.

This is a common mistake, and a serious one. It is true that a soil

may be so heavy in texture and so wet that it is wholly unfit for the

crop, and if it is planted the seed should be left very near the sur-

face so that the plant roots may have air, and that the tubers may
grow in loose soil thrown up into a ridge late in the season; but

planting in such ground is too hazardous for the man who has a liv-

ing to make in this world. It is better to underdirain, and thus to

lower the level of soil water, and to make the soil loose by the addi-

tion of organic matiMial; tlien potatoes can be planted at a good

depth with chance of a fair crop almost in any season. For heavy

soils, no matter how well drained, three inches of depth below the

leveled and firmed surface may be sufficient; for looser soils the

depth should be greater. I dio not mean that the covering should

be a certain depth, but that the potato should be placed at the

depth mentioned below the level of the surface of the land.

The Covering.—When planting in soils at all heavy, and especially

If the planting be early so that heavy rains are probable, I esteem

the manner of covering the seed one of the most important points to

be observed. My conviction in this matter rests first upon the im-

proved yields secured in my fields during the five years that I have

been covering the seed very shallow. A few years previous to the

adoption of the present method it was realized that the potato seed

should be planted at a good depth, wiiere there w^as moisture and a
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degree of cooluess not found at the surface. Accordingly the phinter

was set to run to a depth of four inches, or thereabout, and the disks

threw up a ridge that gave added depth for the time. This ridging

of the soil over the row was an old-time practice of the community
to secure control of weed growth. The ridges were left about two

weeks, and then the ground was floated level, giving fresh, clean

soil in rows for the potatoes that would soon appear above ground.

This method of covering has much to commend it for all loose soils,

and probably no better one can be devised. But I found finally that

it was all wrong for a heavy soil. Kains would follow our early

planting, settling the soil closely about the seed pieces, excluding

all air and light. Digging down to see what stand of plants was
promised, I found in every wet season that the sprouts, as they left

the eyes, were too small and w'eak. They would increase in size as

rhey approached the surface that had been made loose with harrow

or weeder, but no plant of that sort ever makes a full yield. It was

seen that good depth was needed in planting, and yet the results

were not encouraging whenever heavy rains came soon afterward.

If the soil had been of loose texture the results would not have been

grave, but most good potato soils are inclined to heaviness, as only

these can withstand drouth with much success.

The Cornell Station has done invaluable work for growers through

the experiments conducted by Professor Roberts and Mr. L. A. Clin-

ton. It has called wide attention to the value of tillage and of

humus in the soil. This Station has practiced deep coveriog of the

seed, throwing (he ridge over the row and dragging it down before

the plants were up to the level of the ground. Vigor of the plants

caused the good results of the Cornell Station to puzzle me greatly

until I visited the Station and examined the soil. It is a loose soil,

two-fifths being rotting gravel, and the heavy covering given to seed

would not pack. In the case of such soils there can be no particular

objection to deep covering. The air is not excluded and strong

sprouts can be secured. But the method is not advisable for any
other than porous soils.

Securing Good Buds.—Under the head of ''Budding" reference was
made to a modification of the original method that was feasible for

the extensive planter. The plan of covering the seed deeply w'as as

wrong in theory as it proved to be in practice. The bud on the seed

piece was far from light and air when rains had sealed up the ridge of

soil thrown over it by the disks of the planter. The result was that

the young sprout did exactly what it does when starting in a

dark corner of a cellar, or in the center of a pile—it stretched out

for the light, making a spindling growth. Seed exposed to the light

starts strong budis—there is no stretching toward the light because

they are in it. The farmer who plants early and extensively usually

46__6—1902
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does not have time or place for exposure of seed to sunlight to get

strong buds, and yet in a soil that is not very open he does wrong to

place a heavy covering over it that will become close when rain

saturates it.

The natural thing to do is to plant without any delay when the

ground permits, to put the seedi into furrows sufficiently deep to per-

mit deep rooting, and to cover so slightly that there is a degree of

exposure to the light and air. This is easily done with a planter,

and) less satisfactorily so by hand. I have learned that when the soil

has been prepared for the seed, there is no need of any opening shovel

on the planter, the shoe doing perfect work. Neither is there need

of any covering disks. When the soil is fine, loose and properly dry

for work, it falls back into the furrow made by the shoe after the

seed piece has dropped into place. Not much falls back, but not

much is wanted. At the usual depth to which the shoe should go,

there is loose, moist soil to surround the seedi, and such a covering

is far better than the small, dry clods that form at the surface in

the sunshine and are dumped upon the seed by covering disks. After

five years experience in field practice I can say safely that the method
works most perfectly when the soil has been properly fitted, and

the outcome is an even stand of strong plants because the eyes start

under so slight a covering that they may be said to be budd'ed in the

light.

It is best to attach a small section of a log to the rear of the

planter by a wire, making the log drag along in the furrow over the

potatoes to perfect the covering. Some seed pieces may have been

left uncovered, and some have more soil fallen in upon them than

is wanted, and this log—four feet long and eight inches in diamet* r

—evens it somewhat. When the planting is finished, the field is in

furrows apparently ready for hand-planting, and the seed is under

the bottom of these furrows just deep enough to be covered from

sight.

It may be thought that seed in this position would be unusually

subject to injury by heavy rains or by drouth, but experience shows
that it is otherwise. If a soil becomes saturated, the excess of

moisture in the row will be held about the seed pieces for a longer

time when a ridge of soil has been piled into the furrow than when
it is open so that the air can dry it out. A mass of saturated soil

over the potato will do more harm than an open furrow because

the water will remain in it longer. I have observed closely in re-

spect to this, and apprehend no more damage from excessive rain-

fall on potatoes covered very shallow in deep furrows than on po-

tatoes planted in the common way, but rather less damage.
In drouth, this method gives good plants. A fresh-cut seed piece
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should not be placed in contact with very dry soil. There are re-

peated instances of failure when such fresh-cut seed has been drop-

ped by hand in old furrows whose surface was very dry. The soil

becomes a sponge that absorbs the moisture from the potato. But

when the shoe of the planter is run deep, as in this method of plant-

ing, the potato is slipped into the moist soil, and the covering is

from the sides of the furrow made by the shoe. It is fine soil, not

hardened into minute clods by exposure to the air on the surface,

and unlike the covering gatliered by the disks in our rather clayey

fields when the planter runs less deep and all the covering is given

by the disks that gather up the surface soil. The fine and moiet soil

about the seed piece does not dry out readily because it is below

the moisture level in the middles between the rows. If the potato

seed were not cut, there would be no need of any moisture. The

potato would start its buds just as readily in the abeence of moisture

as is done when seed is budded on the barn floor. After good

sprouts have been started, and roots are put forth at the base of the

sprouts, moisture is needed. In my own experience there has been

one year when, on account of poor physical condition of the soil,

I feared that the seed was too dry after the buds had started, and hav-

ing secured the strong sprouts desired, the furrows were filled at

once. But the method of planting that is recommended here for

rather heavy soile can be accepted as safe in any sort of a season, and
especially beneficial in a wet one that would close up a heavy cover-

ing of soil and thus exclude light and air from the seed at a time

when it most needs it, viz., when it is putting forth its buds.

Time of Cutting Seed.—In extensive planting the cutting of seed

several days ahead of the planting cannot be advised, though some
successful growers practice it. The serious objection is the danger

of injury in case planting is delayed by the weather. Cut seed will

heat if put in considerable bulk, and when not in bulk it is liable to

dry out too much. By the use of potato boxes it may be kept in fair

condition for a considerable period of time. The pieces should be

dusted with plaster and the boxes should be tiered so that they can

be covered with canvas to prevent the air from entering freely. In

hot, windy weather a few hours exposure of cut seed spread on a floor

will dry it unduly. The advantages of cutting seed considerably

ahead of planting are the saving of time when the ground is ready

for field work, and the decreased liability to rot in the ground if a

rain should follow the planting closely.

But there always is danger of a protracted wet spell during the

planting, and the risk of losing the seed, or of having it damaged,
when cut and unplanted, is so great that most extensive growers are

agreed upon the plan of cutting the seed as wanted by the planter.

A seed piece heals no more nicely anywhere than in fresh soil. The
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one danger is that of rain before there is time for healing. In my
own experience this is a thing to be feared. When a shower falls

upon seed planted within two or three hours, the chances are that

the fresh-cut surface of the seed pieces will not heal nicely, but

will begin to slough in spots, and while there may not be missing

liills, the plants are not as vigorous as those from undamaged seed.

Seed cut and healed ahead of planting time can withstand the water.

But everylliing considered, as a matter of fact in experience, it seems

wisest not to cut more seed ahead of the planter than can. be used

before bad weather interrupts the work.

In Dry Furrows.—A number of instances of a poor stand of plants

are directly traceable to exposure of fresh cut seed in dry furrows for

a short period before covering. When the sun is very hot and the fur-

rowis dry, a piece of cut seed should not lie uncovered. In the old way
of hand-dropping and covering with a plow I have left a strip of

land uncovered during the noon hour when the furrows were dry and

the sun was very hot, and have had a poor stand of plants on that

strip, while the remainder of the field, with similar soil and seed,

had good plants. Whole potatoes would have been uninjured, but

the cut pieces were badly damaged.

Potato Planters.—In the case of cereals, the automatic planter

does good work because the seed varies little in size and is not in-

jured by handling. The work of automatic potato-planters is less

perfect for obvious reasons. The seed pieces are uneven in size,

tender and more inclined to feed irregularly. Much has been done

to obviate the difficulties, but I incline to think that we ask too

much of the planter. So far, at least, no machine has been de-

vised that will make no misses when all the work is left to it, and it is

profitable to depend in part upon liuman labor. A machine can be

so constructed that it will place the great majority of the pieces

where they should be, but if five per cent, of the hills are missed in

planting, the loss wdll be considerable. The missing hills on an

acre of ten thousand hills would be five hundred, and if a hill repre-

sent only one pound of potatoes, the total decrease in yield due to

faulty machine work would be over eight bushels. Ten per cent, is

not an unusual rate of missing among the automatic planters on the

market.

It is better to make a planter that will do all that reasonably

may be expected of it, and have provision for aid from an extra man
or boy carried on the planter. In this way it is possible to have

the work done without any misses at all, except where tihe seed

piece is throw^n in the furrow by the motion of the planter.

A planter does better work in some ways than can be secured from

hand-planting. The seed is brought into a straighter line, and there

is greater evenness in depth. Straight rows, or rows in w^hich the

plants do not stand zig-zag, can be cultivated more perfectly than
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others. When seed is dropped into the ordinary furrow, the pieces

often fall to one side or to the other of the center, and are held up by

little clods or other soil that has fallen back from the sides. I should

prefer to pay one dollar an acre for use of a planter rather than to

have the \\'ork done by hand free of charge. But the planter must

be a good one that does not miss hills in its work.

The man who plants five acres of potatoes a year should have the

use of a jjlanter. Ownership of such implements is desirable becauso

then there need be no delay when the work should be done, though

the hiring of implements may be entirely feasible in many instances.

But in all this there is no desire to discourage the man who wants to

plant only two or three acres a year and can not hire potato machin-

ery. He is not greatly handicapped in liis competition with larger

growers. His s^mall acreage can be given plenty of care, and can be

made to yield nearly as much net profit per acre as that gotten in

large fields by use of special machinery. The furrows opened to re-

ceive the seed should have a chain dragged through them to push

small clods or loose soil to either side, straightening the line in

which the pieces fall. The covering should be moist soil if the seed is

fresh cut. The seed should be cut with such care that all bad pieces

are discarded. In these ways the prospect for a crop may be made
even better on a small plat than that of a large field where there is

constant temptation to rush the work at the expense of future re-

sults.

There is an old custom of putting two seed pieces into each hill.

Jt has its advantage in case of the use of untrustworthy potatoes for

planting, as there is the chance that if one piece does not send up a

good plant, the other piece, cut probably from another tuber, may
give a good plant, and the hill is not a total failure. But when care

is taken to have good seed, nothing is gained by cutting fine and
using two pieces in a hill, while there is loss from unnecessary ex-

posure of cut surface to the soil, be it wet or dry. When a lot of seed

is good enough to be used, there is loss and no gain from such fine

cutting that two seed pieces are required in a hill.

Distance Between Hills.—The width between rows is governed by
the habit of growth of the variety. The rows should be sufficiently

close to secure thorough shading of the surface when the vines

have reached full growth. The shading prevents evaporation of soil

moisture and helps to protect the stems from the burning rays of

the sun. Thirty-six inches between row^s give sufficient space for

any variety, and for early varieties I prefer not more than thirty-two

inches. In the drilled row the distance between hills is governed by
the amount of seed used in the hill and by the variety planted. As-

suming that the seed piece is a fair-sized block of potato containing

two strong eyes, eighteen inches give good space for rank-growing
varieties. Land may be so foul or heavy that checking is best, but in
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case of ordinary soils, proix^rlj haudled, drilling is to be preferred.

Good tillage at the right time gives control of weeds, and the better

distribution of the plants gotten by drilling favors the }-ield of crop.

Applying Fertilizers.—Theoretically all fertilizers should be dis-

tributed throughout the soil. The plant roots go everywhere, and

the feeders are formed chiefly near the tips of the roots. When avail-

able fertility is supplied close to the base of the stalk and there

only, the plant roots do not spread as rapidly throughout their whole

feeding ground as they should. In a loose soil that demands no deep

tillage after the potato plants are up, the fertilizer should) be broad-

casted and worked into the ground before planting, or else applied

with a fertilizer drill. But experience with rather heavy potato

soils leads one to practice some row fertilization. The tillage must

be deep later in the season than is favorable to wide root growth,

and there should be a full supply of plant food in the row. In such

cases it may be a good plan to use the fertilizer drill as a harrow in

preparing the seed bed, applying one-half of the fertilizer. The other

half may be applied in the row when planting, or later if the deep fur-

row with light covering be used. In the case of early potatoes it is

often advisable to put all the fertilizer in the row. Planters have

fertilizer attachment©. When the planting is done by hand, and tihe

fertilizer is put into the furrow before the seed is dropped, it is a

good plan to go over the ground with a two-horse wheel cultivator

and mix the fertilizer in the furrow. With one narrow shovel on

each side of the cultivator, tw^o rows may be prepared at a time. It

will be found that a trace chain, fastened to eacJi shovel and let drag

behind in the furrow, will push little clods aside and assist greatly

in securing an even depth for seed and straight rows. The seed can

be dropped by hand in such furrows in lines nearly as straight as

those made by a planter.

But when the deep furrow with light covering is used, the fertilizer

for the row may be effectively applied after the planting, and my
individual preference is for this way. The potato needs no fer-

tilizer for two weeks, or even longer, in the cold spring, because the

sprout is fed by the seed piece. If there be nitrate of soda or other

soluble carrier of costly nitrogen in the fertilizer, rains waste it.

The available phosphoric acid, in my opinion, is most effective when
first applied to the soil. There is no better time to apply such fer-

tilizers in the row than when the sprouts are ready to come through

the little soil that covers the seed pieces. It falls where some of the

roots will form, and is ready to push growth. It is practicable to

apply with a grain drill having a fertilizer attachment, spreading the

horses with long neck-yoke and double-tree so that they have two
rows between them. All holes in feed-box may be closed except the

ones over the two rows. The drill should have extra large capacity,

as is now provided for distribution of ground lime, and then the fer-
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tilizer can be fed out in the desired quantity. All tlie hoes should

be let down so that the ground may be cultivated, though only two

or four are distributing fertilizer. On account of the deep furrows,

the hoes do not disturb the setts, and the cultivation partially fiPs

the furrows, killing weeds and adding needed covering to the po-

tatoes.

But the grower of a few acres only may prefer to distribute the

fertilizer by hand in the furrows, and the best work is done in this

way. When it has been so scattered, a weeder or harrow should be

used to make a partial filling of the furrows. In a few days the

plants again appear, and another cultivation will complete the filling,

giving clean, fiesh soil in the row. Where the soil its loose, the

weeder does this work well; in stiffer soils the harrow or spring-

tooth wheel cultivator is more satisfactory.

In defence of the practice of applying commercial fertilizers in

the row, it is a pleasure to be able to quote so good an authority

as Professor E. B. Voorhees. In his book on "Fertilizers," page

217, he says: "In reference to the method of application, while very

good results are secured from the application of fertilizers directly

in the row, this is to some extent influenced by the character of the

soil. Where the soil is somewhat heavy and the circulation of water

is not perfectly free, it is less desirable than where the soils are

open and porous and free circulation is not impeded; though where

the amounts supplied are considerable, it is recommended that at

least one-half of the fertilizer should be applied broadcast and
worked into the soil, and the remainder placed in the row at the

Time of planting. Naturally, when the soils are poor, a concentra-

tion of the constituents is more desirable than when the surrounding

soil possesses reasonably abundant supplies of available food."

CULTIVATION.

One object of cultivation is to kill weeds. In potato-growing it is

essential that the ground be kept clean by destroying the weeds be-

fore they make much root. With the old method of planting shal-

low and ridging the covering, we got clean soil by dragging the ridge

down immediately before the plants reached the surface. It was
a good way of starting the potatoes ahead of the weeds. But we
get the same results from leaving a furrow open ovei* the plants and
filling in as the plants grow. When they are above the level of the

surface, the furrows have been filled with loose soil, and all weeds
have been destroyed. It is always possible that rains may interfere

with the work, and some weeds may be among the potato stalks in

the unfilled furrows, but it is safe to use a wheel-cultivator, throwing

plenty of soil against each side of the plants, and if some ridging is
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done to secure complete burying of all weeds, the ground' can be

leveled with the weeder without injury to the potato tops.

Until the plants are a few inches high, cultivations with weeder

or slant-tooth harrow should be given whenever weed seeds are

sprouting or a crust is forming.

One Deep Working.—We now come to a cultivation of a kind that

Keems severe to the plants, and yet in all soils except the loosest it

is essential to maximum crops. The potato makes its crop down in

the soil. The ])hysical condition of the land at time the crop is

produced is more important to it than it can be to corn. The latter

plant makes its crop in the air, and has all the room it wants; the

potato must disx)lace soil to get room foj- its tubers. A naturally

loose soil will remain in good physical condition throughout the

season, but such soils are rarely retentive of moisture, and the great

bulk of our potatoes is grown in laud that becomes too compact for

the best development of tubers. With such soils the only rational

thing to do is to undo the work of the rains that have fallen after

the planting by making the ground loose once more. Roots will be

sacrificed, but this may not be an evil. Planting early, our potatoes

incline to make root growth too near the surface of the ground dur

ing the cold and wet weather usual to the month of May. These

surface roots cannot be depended upon when heat and drouth come.

It may be just as well that a deep cultivation is required to loosen

the soil, as the destruction of these surface roots leads to deeper

rooting. That is a point that does not require discussion here, the

cultivation being a necessity for other reasons. It is my experience

that tliis one deep cultivation, given when all plants are well above

ground, can hardly be too close, if the soil is compact as a result of

beating rains. A deep-running wheel-cultivator can be made to do

fairly good work, and I hesitate to recommend any implement less

modern. Wlien it makes the soil loose in the row, where the tubers

will be formed, nothing more can be desired. But very many of us

are growing potatoes in heavier soil, and we are willing to give any
sort of tillage that will show the most profitable results.

An Old-fashioned Way.—The point of the shovel of the cultivator

should be run under the plants at this stage of growth, if the ground
has settled firmly. Tubers cannot form in a hard soil. It is not now
a question of root growth, but of the possibility of good physical

condition of the soil in the hill. If the shovels of a wheel-cultivator,

running on both sides of the plant, are pointed under the row, they

will lift the plant out. A number of years ago we abandoned the

use of the more modern implements for this one cultivation, and
leaving them in the tool-house we returned to the use of the old-

fashioned one-horse plow, having but a single stock. With a long

and very narrow shovel, the plow could be held at such an angle
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that the soil il the row under the plant could be shaken up. The
method is slow and laborious. One man can cultivate only two and

a half acres a day. But the work is rightly done, and potatoes are

peculiprly responsive to right treatment. It is the soil in the row
that interests the potato-grower. It should be loose naturally, if

only such land were retentive of moisture. But if it were, it is not

found on half the farms that should produce some potatoes. Deal-

ing with land that compacts in heavy spring rains after the planting,

we learn to make it loose in the row just as late in the period of

crop growth as we dare. That time is when the plants are a few

inches high. It is safe to go further and to say that if unusual

weather conditions delay this work, and if the ground in the row is

found very compact when the vines are even one foot high, it is better

to sacrifice some root growth and make the soil loose enough for

development of tubers Ihan it is (o go ahead without chance of

crop. In such ? case some crop may be gotten by throwing up loose

soil in a ridge so that the potatoes may grow in it, but that calls for

root-pruning anyway. However, it is an unfortunate condition of

things that justifies such heroic treatment, and indicates failure to

provide humus for the soil before planting. The only safe course

is to make close land friable by drainage and by plowing down
vegetable matter, and then give all deep and close tillage before the

plants are many inches higli.

The use of a single-shovel plow is a matter of arithmetic. If in

the hands of a man who will use it faithfully and rightlv it will do

suflTiciently better work than a more modern and rapid cultivator to

pay, use it. Some growers find that it will; others think otherwise.

If the soil is loose anyway, or if the workman is unwilling to hold

the plow steady with point under the row, a wheel-cultivator is to be

prefered.

Soil Moisture.—Professor King, in his valued book entitled 'The

Soil," says: "After the plant food has been prepared in the soil or

in the air, it is useless until endowed with the possibilities of move-

ment toward and through the living tissue. But water, through the

action of capillarity and osmotic pressure, is the medium of trans-

port by which the ash ingredients and the nitrogen of the soil are

moved to the roots of plants, by which they are drifted into the sun-

shine of the laboratories in green leaves and bark, and from w'hich

they are again taken to their filial place in the structure of the plant.

Nor is this all, for w^ater is itself a food substance used in large quan
titles by all phints of whatever sort. By its evaporation from the

foliage of plants, it not only holds the temperature down within the

normal range of the vital process there going on, but, because of this

lowering of the temperature, it also hastens the osmotic flow^ of sap

toward the leaves. The amount of water demanded by crops under

44
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our methods of culture is very large." la Wiscousin, Professor

King has found that 422 tons of water are required to produce one

ton of dry matter in the potato.

Control of Moisture.—The first tillage in the potato field is to kill

weeds and to break the crust. A single deep cultivation, close to the

plants, is advisable for most soils, when all the plants are fully above

ground, to insure looseness of the soil in the row. The tramping by

horses and men in the middles makes a deep cultivation of the mid-

dles, with the long, narrow shovels of the wheel-cultivator, desirable.

It should be given at the time of the deep working next the plants.

All has now been done that can be done with cultivators to insure

a crop, excepting the stirring of the surface to conserve moisture

and prevent weed growth. But these surface stirrings are an im-

portant part of potato culture. tSome Stations have conducted ex-

periments to determine the number of cultivations that is best for

potatoes, but a moment's consideration should show their lack of

special value.

There is no certain number of times to cultivate potatoes. All de-

pends upon the soil and season. It may pay to stir the soil twice

in one week. It may not pay to stir it for ten days. ^Vhen a crust is

forming, or when the soil mulch is settling down solid so that

moisture evidently is escaping, tillage is needed in the event of

probable drouth. If abundant rain follows, the gain from the til-

lage can be only slight, but no one can forsee the weather conditions,

and experience has demonstrated the profitableness of conserving

the moisture we have in the soil.

The Source of Our Best Moisture.—Some people seem to have the

impression that they should look to the clouds during the summer
as the one source of moisture for growing crops. The fact is that

the best source of supply of water for a summer crop is the rains of

winter and early spring. I do not say that this is the chief source,

but it is the best one because it is measurably within our control.

The water that falls in the winter and spring, going down into the

ground and coming back in time of drouth, is that with which we
should most concern ourselves. It is our store at hand, and with the

clouds we can not deal. The soil is a great sponge for the holding

of water. When it is deeply plowed and full of humus, it drinks up

the water from snows and rains, and that water passes down into the

subsoil. One of the chief offices of tillage is to make soil receptive

of rainfall and retentive of moisture. The water in the soil is mov-

ing all the time. WTien there is more of it at the surface than there

is below, the water descends. This is observable immediately after

a summer shower when we find that the plant roots remain unmoist-

ened for a time, but know that the next morning will find the soil

about them made darker by the moisture that has descended. On
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the other hand, when the drying wind is carrying away the moisture

at the surface of the field, the water below is rising to equalize con-

ditions. As more moisture is carried away by the air, more rises to

replace it, and there is constant loss of water—constant draft upon

the gi-eat reservoir created by the rains of past months.

The Mulch.—It has never been easy for me to accept the state-

ments of scientists concerning the problems arising in farming unlees

the everyday facts in the field appear to sustain them. Some young

readers may share in this disposition to want evidence, and the con-

trol of soil moisture is so important that a fev/ experiments are sug-

gested.

In a dry spring, place a straw mulch about some berry plants, and

leave the ground bare about others. Mulch one-half of a pansy-bed',

and leave the other half bare. In a dry July, mulch a few rows of po-

tatoes with litter, and leave a few rows untouched. Note the differ-

ence in results, bearing in mind that no more water has fallen on the

mulched plats than on those left untouched. The dillerence in the

moisture content, so appai-ent upon examination, is due to the arrest

of evaporation of soil moisture in the mulched land, and to its es-

cape from a soil that has no mulch and is left bare and compact.

Soil for Mulching.—It is impracticable to use any foreign ma
terial for mulching our potato fields, but we have learned that a

mulch of soil may be made to serve the purpose of retaining the

water in the ground. Knowing that the water tends to rise during

drouth to replace that which has escaped into the air, our aim is to

interpose something between the rising moisture and the hot air

that would carry it away. The water rises in a compact material,

but is checked by one more porous. Straw makes a good check,

but exjjerience has taught that two inches of loose soil on top of the

compact portion also is a highly effective check. Its pores have

been broken up by stirring so that water does not pass up through

it readily, and it lies as a blanket, guarding the water from the wind

and sun.

Another test may be suggested at this point with profit. After

a drouth of several weeks duration, take a post-hole digger into

a field that has had careful surface cultivation, and tlhus has had

its moisture retained by the soil mulch, and dig a hole three feet

deep, noting the degree of moisture found. Then go to an adjoining

plat that has lain uncultivated for any reason,—pasture land, a fence-

row, or preferably, a piece of bare land—and dig down three feet, if

the dtryness of that land will permit. Again note the degree of

moisture found. If the land has been bare, there has been no draft

upon it b}" plants which transpire great quantities of water through

the leaves, as in the potato field, and yet it will be found much dryer

than the field that has been properly tilled and has furnished large

quantities of water to growing plants. The top soil can be made into
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a mulch tliat does much good in a dry period, and the leading object

of cultivation in the potato field, after the one deep tillage described,

is the creation of this earth blanket. Do not decrease depth of cul-

tivation gradually; do it at once. The one cultivation was to over-

come the ill-etlects of packing rains on a somewhat clayey soil after

planting; later cultivations are merely to keep the surface stirred,

and all the soil below such a mulch should be left alone for the use

of plant roots. It is their feeding-ground, and they should be left

undisturbed in it.

Kinds of Cultivators.—The implements required in modern tillage

of the soil demand a considerable expenditure of money. It is not

easy to determine the limit to profitable investment in them. Somt;

farmers buy too raan}^, having too little use for some implements to

make the investment pay. But I think that a far greater number fail

to buy as freely as they would find profitable. It is sure that plant-

ing should not be done unless good tillage can be given, and we must"

give that tillage as cheaply as possible. Human labor is high-priced

labor, and the implement that saves time Is earning in that degree its

cost. Some crops may w-ait for cultivation without serious injury to

them, but the potato is not one of these. It is a costly crop, requir-

ing good soil and expensive seed, and its returns per acre are rela-

tively large when a good yield for the season is gotten. There are

few crops that repay care any better. Implements for rapid w'ork

pay for themselves more quickly in the potato field than they could

in fields growing crops of less value per acre. It is my experience

that a seeming surplus of horse-power and of tillage implements is

dpfiirable. A cultivation at the right time in a bad season may be

worth a big sum, and no one should plant an acreage requiring the

•steady employment of all teams and cultivators. If he does, some
bad weather will bring failure of a part of ,his crop.

For rapid cultivation after planting, and until the plants are sev-

eral inches high, the weeder is an excellent tool. In loose soils it

does entirely satisfactory work when used in time. The time to kill

weeds is before they get above the surface, or at least before they

form any roots deeper than the weeder teeth go. The time to break

a crust on the surface of a field is before the crust hardens. But
there are clay soils that pack and become hard after rains before

the ground is dry enough for cultivation. For such land the weeder

ie needed to stir the soil in the row, and to level it, after, the ground

has been stirred by a heavier implement. It does not do satisfactory

work among loose stones, but elsewhere the horse-w'eeder can be

used with profit at certain times.

The two-horse wheel-cultivator is found on most farms. It should

have narrow shovels, at least three on a side, and should be so con-

structed that they can run deep when desired and can be used for sur-
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face work. Where only surface work is wanted, the spring tooth is

excellent. The wheel-cultivator is used until the vines till much of

the middles, and then the one-horse cultivator comes into use. The
latter implement, going once in the middle, cannot do as good work
as the two-horse cultivator while plants are small. It does not give

the close hoeing to each hill that is necessary in good work. But
when the vines shade the row and close work is no longer possible,

the oiie-horse iiiiplement, with wheel to regulate depth, is nearly

perfect. The object of all this later cultivation is to preserve mois-

ture by keeping the surface two-inches of the soil loose, and care

must be exercised that the plant roots in the moist soil below the

mulch are not torn by the cultivator hoes. The thing to do is to

give the potato plants a chance to use the food in the soil. The
ground has been made loose as late in the season as is consistent with

root growth, and our business then is to keep the moisture in that

ground, and to let the plant roots use it in storing up food for them-

selves. Carelessness in matter of diepth of late cultivating may rob

a plant of much of its ability to gather food.

Laying Potatoes liy.—Formerly we heard much about 'laying po-

tatoes by." This work then consisted of running a very broad single

shovel through the middle, throwing the soil upon the row and ridg-

ing it. ^^'hen this had been done, cultivation was at an end, because

the ground was up in ridges and nothing more could be done. Now-
adays, the potatoes ''lay" themselves "by" when they make such a

growth of vine that they do their own mulching of the field, and we
cannot get a cultivator through the middles. The only time to cease

tillage of potatoes is when the vines cover the ground. If the plant-

ing has been deep, in soil made properly loose by use of huinus, the

potatoes form under the dry soil mulch, and they do not come to

the surface no matter how flat it is. When a crust is formed in the

held by a rain, the right thing is to break it before it hardens, if the

vines are not down upon it, preventing such work. The period of

blooming has naught to do with determining the time to cease stir-

ring the surface soil, except that one should have plants by that time

so large that little more tillage can be given.

In all this we are assuming that the potato rows should not be

ridged. Let us reason together. We know that the sweet potato

is the opposite of the white j)otato in that it wants heat and not a

great degree of moisture. Hence we learned to make ridges for

them. The ridge increases the area of surface exposed to the hot

air, and in the north that suits the heat-loving plant. The white

potato wants the cold of the extreme northern States, as we know
from its productiveness in such sections of our country. It needis

a cool soil for its roots, and hence we learn to keep our land cool and
moist by exposing no more of it to the sun's rays than is necessary

—
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ty keeping the potato roots deep under a flat surface having an earth

mulch.

But there are instances in which it is best to throw up loose earth

in the row. If ground is heavy and wet, potatoes will do no good

down in it. If there is reason for planting such land, it is best to

put the seed near the surface, and to ridge the ground. The tubers

are fed from the joints in the stem, and the extra soil banked up in-

creases the extent of that part of the plant that puts forth the under-

ground stems, while the looseness of the newly-made ridge lets the

potatoes develop. While insisting on the profitableness of having

the main body of the soil drained and loose, so that the plants can

have the best conditions, I do not urge dieep planting and level culti-

vation for ground of other character. It is better to plant shallow

and to ridge when the soil is heavy and wet.

This conclusion, based upon personal experience, is substantiated

by Station experiments. The Cornell Station says that 'ievel cul-

ture is preferable to ridge or hill culture for conserving moisture.

Ridges should only be used when the object -is to relieve the soil of

moisture, as in low, damp fields."

It may be added that ridging promotes earliness in a cold soil, and

may be often desirable to the market gardener.

Level culture is at the best a relative term. We never leave

ground absolutely level when cultivation stops. Some soil is worked

into the row, and the tramping of horses depresses the middles. A
difference of two or even three inches between the level of the mid-

dles and that of the row is very common where the aim is to practice

level culture. It would be better entirelv level, but the cultivation

close to the plants and the one deep plowing in the middles even with

the narrowest shovels make slight ridging. The nearer level the

ground, the more benefit is derived from light rains. Level cultiva-

tion is the rational kind for land that is adapted to the crop, and the

nearer we get our soils in prime physical condition for the crop, the

less necessity there is of any root pruning, any surface planting or

any ridging to furnish a covering for the tubers.

The Hand-Hoe.—It is our desire that this discussion of potato cul-

ture should fall into the handis of many persons who grow potatoes

on a small scale in town lots and in home truck patches. They may
not have the use of weeders, wheel-cultivators and other implements

of the potato farm. For their benefit the statement is made here

that while these implements do good work, and are essential to the

large grower, no one implement has even been made that is superior

to a hand-hoe when in the hands of a man who knows how to use

it. The work may be too slow for large fields in most potato sec-

tions, labor not being available for its use; but the man who is able

to give potato plants thorough hand-hoeing in the row may re«t as-
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sured that (his tillage is as good as any that can be given. We like

to boast of our progress, but no costly implement upon the market

can stir the soil next to a potato plant as satisfactorily as a hoe in the

hand© of a skillful man. Our progress has been in speed and in re-

duction of expense, but not in any excellence of the cultivation over

the hand-hoe for work in the row between the drilled plants. I do not

recommend its use in the field on account of the cost of labor, though

I have been led in recent years to give one hand-hoeing to all po-

tatoes in clayey soil. The expense of |2.0() an acre thus incurred

has appeared to be much less than the increased receipts per acre

due to the extra tillage. But the matter is brought up for reeom

mendation only to those who may lack a complete outfit of imple-

ments, and feel at a disadvantage in trying to grow only a few acres,

or less, a year.

Excepting the use of the hoe to break the crust and kill weeds in

the hill—work done in the field with the wceder and other cultiva-

tors—the object of a thorough working with long, narrow-bladed

hoes is to loosen the ground between the plants soon after the one

close, deep cultivation has been given. The blade should be made
from three sixteenths steel, eight inches long and three and one-half

inches wide. With a heavy eye and handle, it is not a light imple-

ment. The blade is long, so that it will easily reach across the nar-

row ridge left by the cultivator and down as deep as the ground

should be made loose. It is narrow in order that too much soil may
not be moved. Set at an angle of sixty degrees to the handle, a

single stroke by side of the plant does the needed work, and two
strokes complete the hoeing for the hill. A good workman will go

over three-quarters of an acre a day, and in a heavy soil such a work-

ing may double the net profit from the crop.

Danger in Wet Seasons.—It is a common saying that a dry June

is good for a corn crop. One reason is that dry weather at that time

causes the corn plants to root deeply. \Mien the weather is wet

early in the season, potato plants form their roots too near the sur-

face, and do not develop a system of roots suflficiently deep to serve

them well when a drouth follows the wet weather. A reference to

personal experience may be useful here. In 1901 we had excessive

rainfall until the middle of June, and then a drouth set in so serious-

ly that the local price of potatoes remained at ninety cents a bushel

throughout the fall. Some fields of potatoes were not worth harvest-

ing. Early in June I noticed that in one small field of six acres the

roots of the potatoes were forming thickly in the surface soil in the

row. In the middles one deep cultivation had let them work farther

down. In the rows these roots were within a half inch of the top of

the ground, seeking air during the incessant wet weather. The vines

were then over one foot high, and the outlook was discouraging be-
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cause dTouth was most probable after so much rain, and these roots

upon which the plants were depending were too near the surface to

be ot any service when the weather should turn dry and cultivation

had ceased on account of the size of the vines. 1 had advocated and

})racticed shallow (illage when potato plants became a few inches

high, but Uie conditions were so unusual that, as soon as the ground

would permit, the long-bladedi hoes were put to use breaking off the

roots at the sides of the plants and opening up the soil to the air.

It was radical work, and some slight wilting of the vines was ob-

servable. But so sure did it seem that a drouth would bring crop

failure if deeper rooting were not gotten and loose soil provided,

that the work w^as persisted in, and while the yieldi was not very

large, the receipts were $118.00 per acre because fields left untouched

could not make anv growth when the drouth came. In this season

—

3902—the rains did not fail us for the early crop, but the same treat-

ment certainly was not a detriment, as the yield in the same field is

250 bushels per acre. In the rather compact soil of this land a

part of the yield is fairly attributable to the loosening of the soil,

given by these hoes, that was needed to overcome the packing effect

of rains. But fhis slow and oldi-fashioned way of giving tillage is

commended chieflj^ to those who may believe they should not plant

any potatoes because they can not buy all the implements of tillage.

Late Planting.—The details of early planting have been given be-

cause such planting is best in most sections of the belt for which this

treatise is prepared. But the grower may find it better to get the

growth after midsummer rather than before it. If this be the case,

then the planting should be late enough to delay the development of

tubers until early autumn. Tihe cool nights of fall are even more fav-

orable to potatoes than the early season of the year, provided moist-

ure is present. If the planting is late, the culture is somewhat differ-

ent. There is less" danger of having a packed soil after planting and

more danger of drouth. The work of preparing the ground for plant-

ing should be done thoroughly. The covering when planted may be

deeper, and a close plowing under the plants is less likely to be nec-

essary.

Thinning.—The price of "seconds'" is so much less than that of the

first grade that there is constant temptation to use small potatoes

for planting. The small tuber is very apt to send up more stalks,

giving more setts than are wanted in a hill. Some growers have tried

to correct this tendency by clipping off the tip end that has so many
eyes, but this has not been done with profit, as a rule. The matter

has been the subject of Experiment Station tests, and it is fairly de-

finitely settledi that such clipping does not pay. Other growers

have tried thinning. Theoretically this should give good results,

and there are extensive growers who practice it satisfactorily to
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themselves. But the evidence in its favor does not justify recom-

mendation of the practice. The worlc must be done when the plants

are small. It is very laborious, and there is always danger of dis-

turbing the seed pieces or other stalks. For these reasons it is

better to control the number of stalks by reducing the number of

eyes planted rather than to depend upon thinning. The small potato

that sends four to six stalks to the surface does not send as thrifty

ones as the section of a large tuber that has the weight of the small

tuber and only two eyes. The addition in cost due to the use of-

larger tubers is justified by the yield in most years.

Vine pruning has been tested by one Station, mid uo advantages

were secured thereby.

INSECT FOES AND REMEDIES.

The potato has a number of serious insect foes. It is a common
thing to hear growers lament that disease and insect attacks make
their business hazardous, but I am sure that the progressive, en-

ergetic producer has no better friends than these so-called foes. The
staple crop that is easy of production atfords a minimum of profit

because production is heavy. The most careless can secure yields,

and the supply exceeds the demand. This would be notably true

of the potato if there were no enemies of tihe crop—insects or disease.

The best products for the live farmer are those requiring the most

skill and care in their production, as competition is limited by the

conditions necessary to success. I do not care to assert that the foes

of tho potato are desirable, as they make life harder for the ineflicient

who must live, but clearh' they do help the energetic.

As the potato crop becomes old in any section of the country, the

foes to it multiply. This is true of insects, and especially so of dis-

eases. As soils grow old and are permitted to become deficient in

humus so that drouth cannot be withstood well, and as disease and

insects increase, the tend^ency in potato production is to shift its

center to newer and more remote land.

In the part of this treatise dealing with this subject, the mass of

matter contributed by our Experiment Station scientists is freely

drawn ui)on, selection being guided by personal observation and ex-

jierience in the field only so far as they come to a practical grower

of potatoes.

The Colorado Beetle.—Probably the best known insect attacking

the potato is the Colorado beetle (Do7'i/2?horadecemlmeafa.) "It was
first brought to notice," says Professor Geo. C. Butz, "about the year

185G. In 1859, it w^as found in the potato fields of the settlers of Kan-

sas. In 1861, it was in Iowa, and in 1862, it appeared in 60uthweste'*n

47—6--1902
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Wisconsin. It crossed the Mississippi river into Illinois in 1864.

It was in Michigan and Indiana in 1867, Ohio in 1868, and Pennsyl-

vania in 1870. It moved eastward at the rate of about fifty miles a

year for a number of years, but later it traveled more rapidly. It is

reported to have reached the Atlantic coast about 1874, and Nova
Scotia about 1882. When it reached the Atlantic coast, it had travel-

ed 1,500 miles in sixteen years, and nearly a thousand miles more

the next eight years in its march to Nova Scotia.

''These insects have great power of endurance. They will walk for

great distances in search of food and, by direct experiment, they are

known to have lived thirty days without food. In the spring, the

beetles appear along with the first growth of potatoes, and while they

devour some of the foliage of the potato plants, the damage is slight

as compared with the destruction caused by the larvae of the suc-

ceeding brood. These early beetles lay their eggs upon the leaves

of the jjotato. We may find the orange-colored eggs in masses, vary-

ing from a dozen to fifty, closely placed upon the under side of the

potato leaf. It is said that a single female may lay as many as one

thousand eggs in its lifetime. The eggs are sometimes found upon

leaves of grass, smartweedi, or other plants in the potato field. They

hatch about a week later into peculiar looking hunchbacked grubs

or larvae of a reddish color, with markings of black spots in double

rows on each side. The larvae walk to the tenderest part of the

plant and there feed very rapidly, increasing in size by successive

moults until they are full grown. The length of time in the larval

state is fifteen to twenty days, when they leave the plant and go into

the ground a few inches below the surface and there pupate in a

cell of earth. In about ten days later they emerge as perfect adults,

which go in search of the plants again to lay eggs. There are from

two to four annual broods in this country, varying with the latitude."

EFFECTIVE REMEDIES.

Any serious damage to a crop by this beetle is unnecessary.

The only possible exceptions to this rule are when the

beetles in the spring appear io vast numbers upon plants as they

are coming up, and when the beetles of the second brood cross from

the field of a careless farmer into one's own field.

In the first instance, resort may be had to fliand-picking of the

field, if reasonably small. Attempts to poison are not to be ad-

vised on account of the tenderneS'S of the new plant foilage and

the hardiness of the old beetle. The most feasible plan is to have

the plants down in furrows, as they will be when the covering

has been made shallow, and theo to fill the furrows with loose soil.

This gives the plants time for gaining more vigor, and for some scat-
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tering of the beetles. When the plants appear again, if the plague *i

beetles continues to threaten their destruction, a ridge of soil may be

thrown over the rows. It will do no injury, and when the plants

emerge again a weeder should be used to level the laud. By this

time the thriftiness of the plants will usually put them beyond

serious danger so far as the brood of old beetles is concerned.

The grower then has opportunity of mastery, and if he succeeds as

thoroughly in d'estroying the larvae of the first brood as he should

do, there will be no second brood to do injury late in the summer.

The one practical method of killing the larvae or grubs—the

"young bugs"—is by poisoning. The Maine Station made experi-

ments with various insecticides and reached the conclusions that

'in fighting the Colorado potato beetle no adequate substitute for

arsenical poisons has yet been found.'' The efl'orts are now limited

to finding cheaper or more effective compound's of arsenic than Paris

green. There are many preparations ui)on the market, some of

which are good and some are poor. A good preparation has strength,

remains in suspension in water well, and is not soluble, as is white

arsenic, which may burn the foliage. Where a high-grade article of

Paris green can be bought at a fair price, it may be safely recom-

mended. Where there is no state inspection of this poison, the

buyer should test his purchase before making application to the field.

A few early-hatched grubs are sure to appear, and within a few hours

the relative strength of the poison may be learned.

Arsenites in Water.—The most common way of applying arsenites

is in water, four to six ounces of Paris green being used in fifty gal-

lons of water. The fonner amount is sufficient for very young grubs,

but the latter should be used if by any chance the grubs are half-

grown when the application is made. It is a mistake to delay apply-

ing the poison until any grubs are half-grown. This is often done in

the plea that all should be hatched out so that one application will

serve. But when any of the grubs have reached such a stage of

growth, some will not be killed by the poison. They are scattered

over the vines, and find some leaves sufficiently free from poison to

escape death, and these become the beetles that give us the second

brood of grubs which often do much harm. More than this, the eat-

ing of the leaves checks the vigor of the plants. The arsenite should

be applied when the grubs appear, and if it does not adhere to the

vines until all are hatched, a second application should be made.
The arsenite should be thoroughly mixed with water in a large bottle,

and then emptied into the barrel.

Sprayers.—Devices for applying insecticides in liquid form are

luany. It is my experience that the knapsack sprayer is better

adapted to gardens and small fields than to an extensive acreage, but

it does good, thorough work. The spraying apparatus that covers
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four rows at a time, having a uozzle for each row, I have discarded

because the work done by it is not thorough enough. There may be

improvements m it, but the probability is that human direction of the

uozzle as it plays upon each hill will always be desirable. The barrel

pump in a one-horse cart, carrying two hose and nozzles under direc-

tion of two men, secures thoroughness.

Applying Arsenites Dry.—Tlie grower of potatoes on a small scale

may not have even a knapsack sprayer, and primarily for his benefit

I describe a method of applying Paris green in dry form that makes

(he poison more effective than it can be made in liquid form. The

method will not commend itself to many extensive growers because

it is relatively slow, and yet I have learned to leave in the tool-house

all modern devices for applying poison to potato vines and to use

this rather primitive method in large fields for the simple reason

that it insures the death of all the grubs, and we no longer have any

second brood late in summer to do injury.

Observation shows that the young grubs go to the buds of the

plant when they leave the leaf on which they hatched. It is there

that they find the tender fibre suited to their taste. A slight amount

of poison kills quickly when taken at this age. It is right in the

bud, and well down in it, that the poison should be placedi, and there

some of it should remain throughout the hatching season. These

two things are secured by using a sifting can that drops the poison

where wanted, and by having the poison mixed with some material

that will form a paste in the first dew, and adhere to the leaves.

Air-guns are more speedy, and they clean the vines of the grubs that

are present in fair degree, but they do not leave a body of poison in

the buds of the j)lant that will remain for the next lot of tiny grubs

that are hatched. Several applications with air-guns or bellows are

required, and these cannot be made when much air is stirring. Often

the grubs make their appearance rapidly in threatening weather

when there is wind and showers, and arsenites in water, or in dry

form without a diluent tlliat will stick, do not do effective w'ork.

The Sifting Can.—The device recommended to the small grower is

made of a tin fruit can, with a handle attached. Twenty or thirty

small holes should be punched into the bottom of the can with an

awl. Then near the top a slit two inches long should be cut in the

side, and this bisected by another slit. Pulling the four flaps out-

ward, the end of a handle three feet long should be thrust through

at such an angle that it will be near the bottom when it strikes the

opposite side of the can. A nail is driven through the tin into the

end of the handle, and the points of the four flaps of tin are tacked

to the wood. No cover is needed. This sifter is carried in one hand,

and is jarred by a stick carried in the other hand, when the can is
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held over the "bud of the plant. There is no reason for coating the en-

tire plant if the work is done at the right time.

The arsenite should be mixed with a material that becomes sticky

when wet. There is nothing better than wheat flour, and a damaged
or low grade lot usually can be bought for a small sum. The mixture

should be strong—one jjound of Paris green to sixteen pounds of

flour—which is a sufficient amount for treatment of an acre of rather

large vines. When the tops are small, and there are few branches,

a less amount is sufficient, and an active boy can make the applica-

tion to two acres in a day.

Lime is generally UfSed as a diluent when applying arsenites in a

dry form, III it is undesirable because it will not hold the poison

on the vines during a rain, while flour will do so if set by a dew or

mist. There are seasons in which a second treatment of this mixture

becomes necessary, but they are the exception. If cold weathei*

jirotracts the time of hatching, or if the rains are very heavy, one

treatment may be found insufficient, but our experience is such that

we expect one application, properly made, to suffice, and the ex-

pense per acre seems slight when it affords immunity from this pest

for the season. The secret of success with it lies in having the mix-

ture strong, and placing it where all the grubs go soon after hatching.

It lodges in the new leaves of the stalk, and the grubs that hatch later

find it and drop off unnoticed. I am commending the plan only to

Ihose who have a small acreage, knowing that most growers on an

extensive scale will prefer the sprayers on account of the rapidity of

the work. When the Bordeaux mixture is being applied for blight,

the arsenite for tdie potato beetles or grubs is put into it.

The arsenite should be dissolved in a small amount of water be-

fore it is added to Bordeaux mixture. A convenient wav is to use

a large bottle so that the water and arsenite can be thoroughly agi-

tated.

Parasitic Enemies of the Beetle.—There is constant increase in the

enemies of the Colorado beetle, and this is in accordance with the

law of nature that maintains a sort of balance in the insect world.

When any one species increases out of due proportion, a natural

check of some sort is usually provided. Several species of insects

prey upon the eggs and upon the grubs of the beetle. In some years

they are so numerous in sections of the country that no grubs can

reach maturity. This was observable in the season of 1902 in my
own fields, rendering any application of arsenites unnecessary. An-

other season these enemies of the beetle may be less numerous here,

and we should not expect entire immunity from attacks of the Colo-

rado beetle through such agencies, but it is probable that there will

be increase of these insects.

The Flea Beetle.—An immense amount of injury is done to the
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potato crop bj the flea beetle. It is unnoticed by some growers

while at work, although the effect is soon observed in a loss of dark

color in the foliage and an appearance of unthriftiness. It is the

insect that punctures the leaves, gnawing innumerable holes through

them. Several species attack the potato, the so-called ^'cucumber

flea beetle.'^ {Ilaltica cucu7neris) being most observed in the north.

This insect is minute, and easily escapes detection by those unac-

quainted with its work and habits. Usually it attacks potatoes at

a critical period of growth, and a close observer will soon discover

the very small holes or yellow spots in the foliage indicating its

presence. Many insecticides have been used with little success,and

it remained for the Vermont Station to call public attention to the

merit of Bordeaux mixture as a repellant. To this, Paris green

should be added at the rate of six ounces to a barrel of the mixture,

and the spraying must be most thorough. Arsenites alone are not

effective, and the spraying with Bordeaux mixture and an arsenite

will not give the desired results unless it is very thorough and per-

sistent. Probably no other one enemy does as much to weaken the

vitality and lower the yield of potato plants as these minute jumping

beetles, and spraying against their attacks is urged even when the

s-praying is not needed to prevent blight or the Colorado beetle.

Where a grower has a very small acreage and has no equipment of

sprayers, he may have partial success in repelling the flea beetle by

dusting the vines with lime or tobacco dust when they are wet with

dew.

A Cause of Pimply Potatoes.—In this place attention is called to

a pimply condition of the potato that sometimes makes it very un

desirable in market. The Station at Geneva has done good work

in investigation of this trouble, and in Bulletin No. 113 it summarizes

its results as follows: "The cause of the trouble known as ^pimply'

potatoes has been definitely determined. Minute, slender white

grubs have been found boring into the tubers, roots and root-stock of

the potato during the growing season. The pupae of these grubs

have been found in connection with them. The grubs and the pupae

have been proven to be the early stages of the common cucumber

flea beetle, a very iojurious insect, the life history of which has here-

tofore been imperfectly known. The wound made by the boring of

the grub results in the formation of a 'sliver,' but a pimple may or

may not be produced, depending, probably, upon the state of growth

of the tuber at the time the wound is made. The most practical

method of preventing the pimply potato trouble is to protect the

foliage against the attacks of flea beetles by thorough spraying

with the Bordeaux mixture." Additional reason is thus afforded

for fighting the flea beetle.

The Blister Beetle.—The ''old-fashioned potato bug" is an old ac-



Nc. 6. DEPARTMENT OF AGRICULTURE. 743

quaintance. There are four or five species of these beetles, and I

know of no more disastrous enemy when they come in great num-

bers, because they are not easily vanquished. When Paris green is

applied, it seems to have little effect. The only redeeming feature

possessed by these beetles is that they do not raise their families on

the plants, and we do not have the larvae, as well as the beetles, to

fight, as in the caee of the Colorado beetle. Many remedies have

been tried. When the field is small and one does not have the fear

of his neighbor before his eyes, it is entirely feasible to drive the

beetles out of the patch, threshing the ground behind them with

bushes, au'^ letting them go in the general direction they were tak-

ing whe.i •'
. y entered the patch. When found entering the side of

a field, it has been recommended that straw be scattered along the

edge, and the beetles be driven into it and then burned. This is a

remedy that works at times, and fails utterly at other times. The

only fairly satisfactory way of fighting this pest is by thorough coat-

ing of the vines with Bordeaux mixture and Paris green. The ar-

senite is put in on the principle that nothing should be left undone

in the fight, but the effectiveness of the remedy lies chiefly in the re-

pellant power of the mixture.

Potato Stalk-Borer [Trichoharis trinotata).—As potato sections

grow older, there is increase of the stalk-borer which causes a pre-

mature wilting and drying of the vines. Dr. T. W. Harris records its

presence at Germantown, Pa., in 1849, and says: ''In many fields in

the neighborhood of Germantown every stem was found to be in-

fested by these insects, causing the premature decay of the vines

and giving them the appearance of having been scalded.'' Dr. Hal-

stead, of the New Jersey Station, gives, in Bulletin No. 109, the fol-

lowing life history: ''The beetles appear in the fields early in spring,

and they live well into June. They are ashen-gray, oval, with a

black beak or snout, and about one-quarter inch in length. At the

base of the elytra or wing-covers are three small, shining black dots,

which give the insect its specific name. This beetle punctures the

stem of the potato near the ground with its slender beak, and in the

hole so made deposits an oval, soft, white egg. From this there

hatches in a short time thereafter a small white larva with a brown
head. This grows apace, eating in the center of the vine, either in

the trunk or in one of the large branches, and attains its growth at

any time between August first and September first. It is then from

one-third to one-half of an inch in length, dirty white or a little yel-

lowish with a yellowish-brown, horny head, and without perceptible

legs. It lies in the stalk in a slightly curved or curled position and
at some time about the middle of August constructs a cocoon of chips

and fibres in which it changes to a white pupa, in which all the organs

of the future beetle are distinctly visible. These cocoons may be in
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any part of the stalk, but in small plants are usually at or near the

surface of (be ground, where the tissue of the vine is hardest, and

the chances of retaining the form unaltered through the winter are

greatest. The beetles mature in August and September, and re-

main in the vines all winter."

Concerning remedies, he saj^s: ''It is at once obvious that insecti-

cides are of no use in this case, because the larva is an internal

feeder; but its habit of passing the winter in the dead vines gives

us complete control over it. Simply rake up and burn all the vines

after the crop is gathered, and with them the entire brood of insects

will also be destroyed. Besides this, war should be waged against

the Jimpson weed and the horse-nettle, as otherwise a considerable

number of specimens will be likely to survive. If the presence of

larvae is noticed in the field, the only thing to be done is to stimulate

plant growth to the utmost by the application of appropriate and

readily soluble fertilizers, that the vines may be enabled to mature

the crop despite the attacks of the insects."

White Grub.—The unsightly appearance of potatoes is due often-

times to the grubs of the May beetle. Growers seek a direct remedy,

believing that the application of some material to the soil should

destroy them. Station and farm tests have been very thorough in

this matter, and it may be stated confidently that no treatment of

the soil with insecticides will be effective unless the insecticide is

used at very heavy expense and in such large quantities that crops

would be destroyed. It is common to read of success from applica-

tions of common salt, kainit and other materials, but the disap-

pearance of the grubs was due not to the application given but to

the fact that the time had come for transformation to beetles. A
little study of the life history of the May beetle will make this fact

plainer, and will enable the grower to evade loss in some degree.

The beetles appear in May or early June, living on the foliage of va-

rious kinds of trees. Their eggs are deposited only among the roots

of grass, and the grubs hatch in July or August. These grubs con-

tinue in the soil for two or two and a half years, when they change

into a dormant form, and appear as beetles three years from time the

eggs were deposited. The grubs in the first autumn of their lives

are small, and the injury to crops by them is usually slight. In their

second summer they are voracious feeders, and likewise in their third

summer. I believe that they sometimes continue to eat until late fall

the third year, not changing to dormant form until spring. It is

quite common to find two broods of the May beetle in the same place,

and there may be three, giving grubs of all ages and sizes. When
such is the case, the ground becomes practically worthless, if each

brood of beetles is large. Usuallv there is onlv one brood that is im-

portant, and this gives a chance for some evasion of their injury.
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The fields under cultivaHon the year the beetles appear escape much
infestation bv grubs, and sod hmd broken the next spring, when the

grubs are small, may be cultivated in corn without much danger.

Winter jjlowing is reconunended, and has a degree of effectiveness

in a cold winter. Cold, hea^y rains, during the month the beetles

should appear cause the death of many.

The right thing to do in respect to white grubs is to watch for them

at time of plowing the ground, and if they abound, the potato crop

should be omitted. If planting is done, early varieties should be

used, and the crop should be dug as soon as it is ready for market-

ing. It is idle to plant a crop like potatoes to be eaten by insects

we can not fight effectively, and the white grub belongs to his class.

FUNGOUS DISEASES AND EEMEDIES.

Probably the most serious fungous diseases of the potato are

classified as blights. Throughout the potato belt of this country,

but chiefly in the southern half of the main belt, the Early Blight

{Maa'ospornim solani) is restricting yields enormously. In the north-

ern half of the belt, and farther south in cold, wet seasons, the Late

Blight (Phytophthora infestans) has caused great loss. Much con-

fusion exists in the minds of many growers concerning the character

of these blights. The Cornell Station has had unusual success in

control of the blights by spraying with the Bordeaux mixture. I

incorporate in this treatise its descriptions of Early Blight and Late

Blight, and an account of the method employed at Cornell in making
the Bordeaux mixture, reserving the privilege of some comment on

one or two points in which my own experience in spraying does not

accord fully with that of the Station. The quotations are made
from Bulletin No. 140, and areas follows:

"Early Blight.—As the name indicates, this usually makes its ap-

pearance early in the season and upon early varieties of potatoes.

Hot, dry weather favors its growth, and it is usually most severe in

its attacks where the potatoes are planted on dry soils. It will,

however, make its appearance when the weather is modterately cool.

Whenever the potato foliage has been injured by the flea-beetles

it seems to be predisposed to attacks of the early blight, the spores

finding a favorable resting spot on the injured places of the leaf.

Any condition or treatment which has produced a weakening of the

plant causes it to be more likely to attacks of blight. Strong,

healthy growing plants may be entirely free from attack, while plants

which have for any reason been checked in their growth fall an easy

prey to the disease. While this early blight does not cause the po-

45



746 ANNUAL REPORT OF THE Off. Doc.

tatoes to rot, it so injures the foliage that the growth is checked

long before maturitj- and instead of the potatoes being full grown
they are undersized and immature. It is very possible for the

early blight to attack a field of potatoes and its presence never be

recognized by the farmer, it being mistaken for a case of early ma-

turity. This may be the reason the early blight fails to attract as

much attention as the late blight and it no doubt does far more dam-

age than is generally accredited to it.

"It is diflScult to describe its characteristics definitely as so ma^v

variations occur, and as it frequently is confounded with the late

blight, it being sometimes scarcely possible to recognize the differ-

ence without the aid of a glass. It usually makes its appearance

during the latter part of June or during July and may even appear as

late as August.

"The parts of the foilage first attacked are likely to "be the edges of

the leaves, the disease manifesting itself in several places on the

same leaf, and affected area as first being circular in outline. The

color of the foliage ^-hanges from a green to a russet or dark brown

or even black and the edges curl as the tissue dies. A dnstinguish-

insr characteristic of the early blight is the general appearance of the

tissue of the leaf beyond the most seriously affected portions. In-

fctead of retaining the green color of healthy foliafre. it assumes a

yellowish appearance similar to that of matured plants, this pre-

mature ripenincr probably being caused by the general weakening

of the plant. This appearance no doubt is the cause of the general

supposition that when potatoes are effected with the early blight the

death of the vines is due to natural causes and is simply a case of

earlv ripeninsr when in reality it is premature and due to the blight

"One remedy for early blight will have been suggested by what has

been said regarding the predisposing causes. It attacks plants

which have been for some cause weakened or injured. Treatment,

then, should begin with the preparation of the land. Deep plowing

to furnish an adequate feeding ground and a reservoir for moisture,

seed cut in pieces of good size, the surface soil crust broken with a

harrow before plants are up and then thorousrh tillage and protec-

tion from both the flea-beetles andi the Colorado beetles. If th**

plants are kept in vicrorous growth, they will largely possess im-

munity to the early blight.

"Bordeaux mixture is the standard remedy for this as well as

other fuTigons diseases. Tf it has used in early sprinar in combating

the flea-beetles, and if when Paris green is used to kill the Colorado

potato-beetles it is applied in Bordeaux mixture, there is but slight

chance that the early blight will appear. The treatment in the man-
ner above described serves a double purpose. The foliage is kept

vigorous and healthy, free from attacks of the insect pests, and this
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alone lessens the liability of attack by the bliglit as the Bord'eaux

mixture forms a coating of copper over the foliage thus protect-

ing it."

''Late Blight.—This is a fungous disease which is responsible for

the potato rot of the present season in New York State. Its ap-

pearance is well known and it has attracted far more attention than

has the early blight. The widespread famine in Ireland in 1846, was
largely due to the fact that the potato crop was destroyed by the late

blight. At the present time another famine is threatening in Ire-

land and due to the same cause. In our own country while the dis-

aster is not so great yet the loss this year has been enormous, and

it is a loss which might have been prevented.

''This disease in an aggravated form is not difficult to recognize

as it may be perceived both by its appearance and disagreeable odor

which comes at first from the foliage and later from the decayed

tubers.

''The fungus causing the common potato rot is an old offender. It

was undoubtedly introduced into Europe with some of the early im-

portations of the potato, and has in certain years proA^ed so destruc-

tive that famines have resulted from the entire loss of the potato

crop. Such occurences eventually lead to thorough study of the

organism. As early as 1846, the fungus causing the trouble was very

carefully described in an English publication, and since that time

other observers have given the disease much attention. It has

spread to many regions in which potatoes are extensively grown,

so that both scientists and farmers are very familiar with many of

its characteristics.

"The most interesting feature connected with the fungus is un-

doubtedly the wonderful energy which it exhibits, under favorable

condntions. in the destruction ol the potato plants. It sometimes

spreads with such rapidity that a crop may be ruined in one or two
days; and unfavorable conditions, or the total destruction of the

plants, formerly appeared to be the only effectual agents in prevent-

ing or checking the spread of the dreaded disease. This rapid de-

cay of both the foliage and tubers is perhap's the most distinctive

of these characters wiiich are commonly brought forward for the

identification of the disease. It is almost invariably accompanied

by a strong, disagreeable odor which is easily recognized by all who
have once experienced it. TSTien large fields have been attacked,

the smell is particularly strong; it then arises entirely from the

foliage, and is not produced by the tubers.

"The conditions which favor such rapid decay are, as a rule, not

generally present throughout this State. The fungus makes its

most rapid growth in a temperature of about seventy degrees Fah-

renheit, when much moisture is present in the atmosphere. Cloudy
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days, with occasional showers, and a close damp air are especially

favorable to its growth; aud if such periods occur during August

and September, the disease may appear at any time. But, on the con-

trary, if the season is dry and hot the fungus is unable to develop,

and little or no injury of this nature cau appear. It is for this reason

that the potato rot is not a regular visitor in most parts of the State,

but is more generally confined to certain localities. These are found

in the more northern potato districts, in the regions near the sea

coast, and in some parts which have a high altitude. In such places

the fungus may develop regularly every year, and the severity of the

attack will be modified chiefly by abnormal atmospheric condi-

tions.

"The manner in which the germ tube of a spore penetrates the tis-

sues is interesting. It is now generally believed tlhat the ends of the

tube secrete a ferment which has the power of dissolving the walls of

the cells comprising the outer layer of leaf tissue. 'When such an

opening has been made, the small thread of the parasite passes

through the outer layer, enters an intercellular space, and then rap-

idly- extends its thread-like growtih between neighboring cells, draw-

ing its nourishment by means of minute suckers which penetrate the

cell walls.' The entire destruction of the leaf may be accomplished.

A stoma, or breathing pore, may also serve as a point of entrance.

"The rapidity with which the fungus advances within the leaf tis-

sues depends very largely upon external conditions, and the appear-

ances of the affected parts is also modified to a very considerable ex-

tent. Unfavorable conditions frequently render the identification

of the parasite a different matter without the aid of a glass, but

under such circumstances the disease may be fairly widespread and

still cause little injury. In serious attacks, however, many charac-

tertistic symptoms may be easily recognized.

"The following points should be noted: The diseased areas are of

considerable extent, and may be started in any part of the leaf, but

the edges appear to suffer more from new infection than the more
central portions of the leaflets. This is probably due to the fact that

in the case of rains these portions remain moist for a longer period

than the center, since the water drains to the lower parts of the leaf-

lets, and collect there in the form of drops of greater or less size.

It is to be expected that under such conditions a fungus could gain

an entrance more easily than in drier places. The decayed por-

tions are inclined to droop; this is especially true in cases of rapid in-

vasions, for at such times the parts do not dry so fast as the parasite

adivances. The rapid decay also prevents the edges of the leaflets

from curling, although this takes place when the air becomes warm
and dry.

"The distribution of colors over the affected leaf is very suggestive.
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Under iioi-mal conditions, the unaffected parts retain a deep green

color, while the diseaised area may be yellowish-brown, dark brown

or nearly black. But whatever the color, each area is sharply out-

lined. There is no gradual merging of one into the other, but a

distinct change of color marks the progress of the disease. Occa-

sionally another peculiarity may be noticed. If the leaves are closely

examined it will be found that the green and the brown areas are not

directly in contact with each other; they are separated by a narrow

strip in w'hich the green has been destroyed, and the brown has not

yet appeared. It consists of a colorless or at most a very pale yel-

low line in which the growth of the fungus is probably very active.

But during periods which are unfavorable to the development of

the parasite this line cannot be discerned, and the green and brown
tissues are apparently in contact. Under such circumstances the

identification of the disease without the aid of the microscope is an

exceedingly difficult matter. Let us suppose that the fungus has

succeeded in gaining an entrance, and that it has advanced a limited

distance in the leaf tissues. If at this time the weather should turn

dry and hot, the development of the parasites would be checked, and

the result would be the formation of a small brown spot or area,

perhaps near the edge of the leaflet, and if several such spots exist

the injury might be ascribed, without careful examination, to what

is commonly known as the early blight fungus.

''The name 'downy mildew' has been given to the potato rot dis-

ease from the fact that there appears, under favorable circumstances,

a downy or mouldy growth upon the under surface of the leaves. This

is white in color and may be of considierable density'. The upper sur-

face of the foliage does not show it, but whenever this frost-like

grow^th appears on the under side, it is almost certain that the po-

tato rot fungus is present, especially if the other conditions men-

tioned above are also present. This external growth consists of

spores and of the parts bearing them. The spores, or conidia, ma
ture very quickly, and have the power of immediately propagating

the fungus. They are small and light, and may be carried long dis-

tances by winds. It is largely owing to those bodies that the pro-

gress of this potato ddsease is so rapid. They are produced in count-

less numbers and are very energetic in attacking healthy tissue. It ap-

pears to be very probable, also, that these conidia, or summer spores,

are the cause of the rotting of the tubers. After maturing upon the

leaf, some fall to the ground and by means of water and other me-

chanical agents they are brought in contact with the tubers growing

underneath the surface of the soil. Here they germinate and effect

an entrance in the same manner as occurs above ground. The color

of the affected tubers also changes to a brown, dry rot taking the

place of the normal white color. The more slowly the tubers decay,
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the less is the auiouut of moisture preseut; the contrai-j is also true.

The decay does uot take place in a uuiform mauner, but its progress

varies in diflereut tubers. lu some it is mostly the parts near the

surface that are affected, while in others the disease may advance

rapidly towards the center of the tuber, causing the exterior to show

a much smaller amount of disease than is actually present. The

discoloration, however, generally presents a uniform appearance.

Although it is by no means impossible for the mycelium to reach the

tubers from the leaves by means of the stems, still it is the generally

accepted opinion that infection does not take place in this manner.

This belief was held many years ago, for in some of the earlier writ-

ings, recouimendatiot»s mny be found in which very high hilling is ad-

vocated so that the spores may be washed past the tubers and away
from them, and not through the soil directly to them.

"There is still another feature of the late blight which it is well

to bear in mind. The disease generally appears during August and

vSeptember, although earlier and later attacks are not very rare.

Coming so late in the season, all the earlier varieties are compara

lively free from attack, but the latter ones are especially subject to

the disease. This, however, is not necessarily due to the foliage of

such varieties l)eing more susceptible, but rather to the habits of the

fungus. 1 have not observed that the age of the potato plants has a

marked influence upon the spread of the disease; nor that the young
foliage of the plants is less subject to the disease. It appears as if

the parasite is able to thrive upon all potato foliage which is in a

healthy condition at the time of the germination of the spores, and

that old and) young foliage or plants suffer practically to an equal

extent. 'Acceptable evidence of a resting stage, or oosporic form of

this fungus is lacking, and many believe that the fungus threads sur-

vive the winter in the partially diseased tubers.'

"The important question and the question which concerns every

potato raiser is, '1& there any practical remedy or preventive for the

potato blight?' Fortunately there is, and there is no more reason

now for a farmer to permit his potatoes to be destroyed by the

blight than to permit them to be destroyed by the potato-beetle. The
standard preventive is the Bordeaux mixture. This, if properly

made and properly applied, will protect potatoes from the late blight

and the consequent potato rot.

"Making the Bordeaux Mixture.—No doubt failure to secure satis-

factory results from the use of Bordeaux mixture is often due to the

fact that the mixture is not properly prepared. AN'hile its prepara-

tion is very simple it is possible the very simplicity has caused some
to think no great care need be exercised in its preparation. This is

a mistake, for the success of the application depends upon its being

made properly.
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Tlie feLandiard formula for Bordeaux mixture is:

Copper sulfate (pounds), 6

Lime (jjounds), 4

Water (gallons), 45

"Potatoes will require from two to six barrels of the mixture per

acre according to the size of the vines. In case a large area is to

be sprayed it maj be well to make up a stock solution of copper sul-

fate. The following directions for making up the solution may be

found helpful. Into a barrel containing forty gallons of water sus-

pend in a bag or gunny sack forty pounds of copper sulfate or blue

vitriol. It is important that this be suspended near tihe surface as

the solution has a greater specihc gravity than water. If it should

be put in the bottom of the barrel a saturated solution would soon be

formed there, when no more of the copper would be dissolved. If

the barrel be covered tightly this stock solution will keep for an in-

definite length of time.

"The lime used should be fresh burned, caustic and not air-slaked.

The most convenient receptacle in which to slake the lime is a some-

what shallow, long, water-tight box. To make up, say four barrels

of the Bordeaux mixture, put into this box sixteen pounds of lime

and add sullicient water to thoroughly slake. The lime should be

kept well stirred during slaking that the water may come in contact

with all parts. If it is desired to keep the lime for some days after

slaking, it may be simi)ly covered over with water so that the air will

be excluded. When it is desired to use it, stir thoroughly and put

one-fourth the contents of the box into a keg or other receptacle and

dilute with twenty gallons of water. If more than four barrels of

Bordeaux mixture are likely to be wanted, two slaking boxes would

better be provided so that the lime will be ready for use when re-

quired.

"Into the barrel from which it is to be pumped, put six gallons of

the contents of the barrel containing the dissolved copper sulfate.

It seems hardly necessary to state that before doing this the copper

sulfate solution should be thoroughly stirred. Fill the spray barrel

half full of water and add the lime which has been diluted with

twenty gallons of w^ater. All of this material should be run through

a sieve or strainer so that no sediment will clog the action of the

pump.

"If Paris green is to be used to kill the potato 'bugs' put it in the

mixture at this time, four ounces if the grubs are small, six ounces if

they are half grow^n. A paste should be made of the Paris green by

mixing it with a small amount of water before jjutting it in the spray

barrel. Fill the barrel with water and the Bordeaux mixture is

ready for use to protect potatoes from the flea-beetles, the blight and
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iLe Colorado iioLaLu-beetles. A strong force pump is beet, as then

every part of the foliage can be covered by the liijuid. During the

operation of spraying the liquid should be frequently stirred, other-

wise the ingredients will not be evenly distributed through the mix-

ture."

Having given the Cornell suggestions, based upon success that

must be rated as unusually high, I cannot serve the grower better

than to couple with it the suggestions of Prof, W. J. Green, of the

Ohio Station, who has given potato culture many years of scientific

study. In Bulletin No. 76 he says:

'^'It has been our custom to make four or five applications of Bor-

deaux mixture to the ])otato tops each season, including Paris green,

to destroy the 'bugs.' In some cases this course has been satisfac-

tory, but the results have been variable. Some seasons the

sprayed plants have remained alive two w^eeks longer tihan the

uusprayed, and the yield was considerably increased by the treat-

ment, but at other times the spraying was of no apparent

benefit. Our experience has been duplicated by many others, and

spraying for the potato blight is practiced less than formerly. Pro-

fessor A. D. Selby, Botanist of the Station, suggests that the discrep-

ancies in results may be due to a confusion of ideas regarding the

cause of potato blight. Some have confounded tip burn of the

leaves, in dry hot weather, with blight. Others have mistaken the

effect of drought for blight. It is probable, also, that a bacterial dis-

ease, not amenable to fungicides, has been the cause of much of the

trouble.

''Where fungi alone are responsible for the dying of the potato tops,

repeated experiments have shown that sraying with Bordeaux mix-

ture is beneficial. Where the bacterial disease prevails it appears

that insects are largely responsible for its spread, also that the

malady maj' be carried into the field in diseased tubers. In this

case prevention consists in using sound seed and in keeping the in-

sects in check.

"The work of the experimenters does not appear to be finished,

either along the lines of investigations concerning the causes of

blight, or in the discovery of the best means of preventing it, but it

is not wise for potato growers to give up trying to combat it. They

could deal with it more intelligently and successfully if they knew
whether to spray for fungi in the form of the 'early blight' or the

'late blight' or whether to be on their guard against a bacterial

disease.

"Meanwhile the only safe plan is to guard all sides. If potatoes

rot in the field before digging, and continue to rot in the cellar,

the disease will most likely be transmitted to the succeeding crop.

If they appear to be sound on the outside but when cut aorosa the
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stem end a dark ring is seen, the disease is present, and will appear

in the crop grown from them.

"Since the bacterial disease maj be spread by insects it is even

more essential than has been supposed, that the Colorado beetles,

flea beetles and blister beetles 'old fashioned potato bugs' be kept

in check. Six ounces of Paris green to a barrel of Bordeaux mix-

ture is the best preparation for this purpose. Paris green is less

harmful to the plants in combination with Bordeaux mixture than

alone. The blister beetles and flea beetles are not killed by the

Paris green, but the Bordeaux mixture is repellant to them, and they

do far less harm where it is used than where no application is made.

Where the Colorado beetles are very numerous, hand picking is ad-

visable.

"If sound potatoes are used for seed, blights due to fungi may ap-

pear, but the same remedies apply. In that case the Bordeaux mix-

ture is more useful than if the bacterial disease alone is present.

The poison needs to be used in all cases, for not only do the 'bugs'

injure the plants but make openings for the entrance of spores of

fungi. It is quite probable that not enough care is usually taken to de-

stroy insects affecting potatoes, for, as above stated, they are harm-

ful, both directly and indirectly, and unless strong efforts are di-

rected against them, other preventive measures are likely to fail."

Profit from Spraying.—It is safe to say that a thorough applica-

tion of Bordeaux mixture should be given potato vines when the

flea beetle appears, and tiliis spraying will have an indirect influence

against early blight by preserving the vigor of the plants. It may
come at such a time that it will be a direct preventive of an attack

of this blight for a short period of time. Then the very practical

question arises from the grower's decision: Will it be profitable to

continue to make thorough sprayings until growth of new foliage

ceases^—five or more additional sprayings? It would be pleasant if

one could say definitely that such a course would pay, as we like to

engage in profitable work. But experience teaches that local condi-

tions must control one's course. If he live in the low^er part of the

nortiiern potato belt he has learned to have little fear of the late

blight. In one year out of five he may suffer loss from it, and in

some sections the chance of loss is very remote. But early blight is

a cause of loss to him nearly every year. If he plants his crop

early, the ^dnes have filled the middles before time for an attack. If

he were spraying, he would have made two applications of the mix-

ture before this date to insure coating of the foliage before any
germs developed, but several more applications must follow to keep

all new and old growth covered, and it is difficult to do this work
without injury to the vinos, nnd the work is costly. If the season re-

48—6—1902
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main cool, the loss ki unsprayed fields would be slight. If it be very

hot and showery he should not expect with confidence immunity from

partial attack of early blight, no matter how well he may have spray-

ed. It is an open question, and the grower should be governed by

his variety planted, the probable market price and his past experi-

ence. "^

It is my personal experience that it is feasible to depend much
upon the resistance certain varieties offer to attack of early blight.

We now have a few varieties that will not blight seriously until a

good crop has been. made. When such are planted in a rich soil, and

are given the best culture, the danger of loss is reduced to a mini-

mum. If other varieties are planted, and the planting has not been

done very early, it is usually best to give the protection afforded

by thorough and repeated sprayings. Where late blight threatens,

spraying is to be advised. This blight, followed by rot, is a serious

menace to the crop in cool latitudes. The spraying will not be found

a sure preventive unless it is very thorough, and the blight may not

appear at all, but there is more reason for undertaking the work in

sections threatened by it than in those subject only to attacks of

early blight, w'hich is difficult to ward off.

I have no desire to detract from the importance of Bordeaux mix-

ture as a preventive of the blights. ~ Its use must increase as disease

increases. But in seeking to state facts as they appear to be, an ef-

fort is made to keep on safe ground, not urging heavy investment of

labor and money upon all growers, but only upon those who cannot

evade loss by selection of soil and varieties, and who reasonably

should expect frequent loss if sprayings are not given. The practice

of spraying potatoes will increase because disease will grow moie

virulent, and there is reason for believing that thorough repeated

spraying will prove itself in time to be financially profitable to most

growers. One or two sprayings before the tops fill the middles is al-

waj'S to be advised, as more vigor is insured.

Tip-Burn.—In addition to the early and the late blight, there is an

appearance of blighting of potato vines often seen that is not at-

tributable to a fungous disease at all, but is the result of the direct

heat of the sun, usually in connection with drouth. It is called tip-

burn, and we take from Bulletin 49 of the Vermont Station the

following description:

"The disease we term 'tip-burn' is characterized by the death of

the potato leaves at their tips and margins, which portions dry,

blacken and roll up or break off. This trouble has occurred quite

commonly in Vermont during the dry, hot weather of mid-summer in

1894 and 1895, and as before stated, it was observed to a worse de-

gree in Michigan and Wisconsin where the drouth was more severe.

In its earlier stages the dead tissues are often quite free from inva-
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sion by fungi, and even in the advanced stages the fungi present are

chiefly such as live upon dead plant tissue only.

"Tip-burn is not caused by the attacks of parasitic fungi. It is

rather attributable to the unfavorable conditions surrounding the

plant, especially to the dry hot weather with insufficient water sup-

ply. It is aggravated by any other conditions which tend to lower

the general vigor of the plant, such as insufficient food supply, and

attacks of insects and the early blight fungus. This difficulty has

not been observed to any serious degree upon plants until after they

pass the blossoming period, and naturally begin to weaken.

"As the older leaves weaken, especially the lower leaves of the

plants, the tissues of the interior of the leaf sometimes develop dead

spots surrounding flea beetle punctures or other injuries. These

spots soon dry and show distinct rings and bear a general resem-

blance to the 'ringed spots' caused by Paris green and by the early

blight fungus. They may occur, however, in the absence of both

these causes. Dr. Sturgis, describing these spots in his Keport for

1894, attributed them to the effects of dry, hot weather. We believe

this to be the correct explanation and would therefore associate them

with 'tip-burn' rather than with the true 'early blight.'

"Prevention.—Effort should be made to increase and sustain the

general vigor of the plant by proper selection of varieties, prepara-

tion and cultivation of the soil, and protection against the attacks of

insects and fungi. The only thing that can be done in addition is to

irrigate in times of extreme drouth,"
.

Potato Scab.—The unsightly appearance of many tubers is due to

scab. This is a fungous disease with which most growers have op-

portunity of acquaintance. An immense amount of work has been

done by our Stations in study of the disease and in attempts to pre-

vent its ravages. Some years ago the scab was attributed by grow-

ers and investigators to a variety of agencies, such as stable manure,

insects, lime, etc., but the Connecticut and North Dakota Stations

demonstrated bevond chance of doubt that the iniurv to the tubers is

pi-oduced by a fungus i^Oos^pora scaMex). The following statement,

taken from Bulletin 19 of the North Dakota Station, states the facts

concisely:

"Potato scab is due to the growth of a fungus upon the young po-

tato tubers while they are developing in the ground. The disease

is communicated to the new crop by way of the seed tubers, or by

way of the soil or old potato tops, if the potatoes are planted upon

old ground, the germs having remained over from previous crop. If

an old potato patch is in the near neighborhood the disease may
also be communicated by wash water, or, perhaps, through dust

blown from the old patch. If, however, there are no disease hearing
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tubers planted', aud the ground used is ground that has never been

used for potatoes, aud care is taken that refuse from a previous dis-

ease-bearing crop does not reach the soil of the new crop, one may
expect it to be free from the disease,

'''Since the parasite is microscopic, one cannot be sure that there

are no spores of the disease on the seed potatoes, though thej ap-

pear to be smooth."

Control of Scab.—Growers have observed that an application of

fresh stable manure, lime, wood-ashes and similar material very

often gives a scabby crop, and this is due to the favoring effect of

these substances upon development of the scab fungus. They can

not produce the disease, but they may put the soil into such condi-

tion that the scab germe in it multiply and thrive. On the other

hand there are materials that either destroy the germs or else create

such soil conditions that the germs do not grow. The results of Sta-

tion tests are very numerous and very conflicting, but the conflict

is largely due to the variation in soil conditions, and it is now pos-

sible to make an accurate statement of some of the truth about

the control of this disease.

Treatment of Seed.—The germs of the fungus may be on the seed

to be planted, and not in the soil at all. When this is the case, a

fair degree of control of the disease may be obtained by the treat-

ment of the seed with a fungicide. Probably there is none superior

to corrosive sublimate. Under this head I quote Professor Green,

of the Ohio Station, Bulletin No. 76:

"The usual recommendation for the treatment of seed potatoes is to

soak the seed for one and one-half hours in a solution of corrosive

sublimate, two ounces to tihirteen gallons of water. This treatment

is efficient, but so long an exposure to the solution reduces the vi-

tality of the potatoes somewhat, varying with the variety and condi-

tion of the seed. The matter of time at the busy season of the year

is of considerable importance, and this feature alone often prevents

the use of the treatment. For two seasons we have been soaking

the seed one hour only, and find the result to be entirely satisfactory.

Some experiments conducted last season indicates tihat the length

of time may be still further reduced, without detracting from the

value of the treatment.

"Complaint has been heard that treated seed, if kept several weeks

before planting, loses its vitality. This may be true if the seed be

stored in tight boxes or barrels, without dr;>ing, but we have kept

treated seed in crates for several weeks without injury, although in

a cokl storage room, where the risk would be less than in a higher

temperature."

Later experiments liave shown that forty-fi'S'ie minutes is a suffi-

cient length of time. In my own experience a convenient method
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of treatment is to use water barrels, setting them on boxes on the

ground where potatoes are to be spread for drying. When a barrel

has been filled with potatoes, the solution is poured on, and at end
of tr'^atment it is drawn off in buckets and jjoured into another

barrel of potatoes while the treated barrel is overturned on the

ground. This is speedier than bagging the potatoes and immersing

them in barrels of the solution, but the latter way may be made
slightly less laborious.

Scab in the Soil.—When the scab fungus is in the soil, as is very

frequently the case in old potato sections, there is no treatment of

the seed that will insure a clean crop, but the effects of the ddsease

may be controlled in degrees varying with the character of the eoil.

Tn the first flush of success with the corrosive sublimate treatment

of seed, the claim was made that fertilizers and soils exercised no in-

fluence upon the development of the disease, but this is an error.

Seed potatoes that are suspected of any contamination with scab

should be given treatment to kill the germs upon them, and such seed

planted in infested soil will give a cleaner crop than untreated seed

will give, but still the product may be unmerchantable if the soil

conditions favor the multiplication of the germs already in it. Sus-

cess in the fight against potato scab must depend in part upon a

control of soil conditions that will bring the destruction of the germs

already in it.

It was once held that the rational means of cleaning an infested

soil consisted in crop rotation, and such rotation is an aid, but we
now know that the germs live in a soil six or more years without a

potato or beet crop to feed upon. It is probable that the improve-

ment resulting from ceasing to grow potatoes in an infested soil for

five or six years is not caused by any "starving out" of the germs

through absence of potatoes as hosts for this fungus, but is due to

a change in soil conditions caused by some intervening crops.

"Souring" the Soil.—My attention was called urgently to this

matter seven years' ago when one potato field in the farm had become
so full of the scab fungus that the crop was unmarketable. There

had been increase in scabbiness for a term of years. A farmer made
the statement in my presence that he never failed to grow a potato

crop free from scab w^hen planting in land that had had a winter

cover crop of rye. For seven years the experiment has been made
of growing a crop of potatoes in this field on a sod of fall-sown rye,

and the results have been very interesting in several ways. Inci-

dentally I may say that the yield this season of the seventh succes-

sive crop of potatoes was 285 bushels per acre, and during these

years little had been done to aid the rye in maintaining fertility ex-

cept to apply phosphoric acid in form of an acid phosphate. But
the experiment was conducted in part to determine something about

the control of scab in the soil. The seed was left untreated, and
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the first crop takeu off the rye sod was mcrchautabk', though some

what scabby. The uext year the potatoes were more nearly clear of

the disease, aud in the third year the appearance of the tubers was

excellent. iSome traces of disease remained, but the extent of its

presence was immaterial fiom the standpoint of a grower. 1 em
phasize the fact, however, that 1 used varieties most resistant of

scab.

This rye -was plowed down each spring in the first hot days when

the growth was about one foot high, and acid was produced by its

deca}'. Experiments at the Rhode Island Station were showing

clearly that the scab fungus delighted in an alkaline soil, or one

treated with lime, and that it made little development in an acid soil.

The natural inference was made that a growth of rye plowed down
in warm weather would cause the formation of sufficient acid to pre-

vent the growth of scab, and this remains true for some soils, but

not for all. Some land) is neutral or slightly acid, as shown by the

litmus paper test, and any body of green vegetation rotting in it

would produce a decidedly acid condition, unfavorable to the scab

fungus. In the case of such soil it appears feasible to destroy the

fungus by producing acidity in it by green manuring.

Other land is alkaline, and, if it is so in marked degree, a green

crop rotting in it would not produce any excess of acid. Farmers

are aware that some land may be "soured" to the point of unpro-

ductiveness by green manuring in inidsummer while other land will

not become "sour" through the practice. Likewise may land in

tested by the scab fungus be made sufficiently acid through the

plowing down of a coat of green stuff" in the spring to prevent much
development of the fungus, while other land, strongly alkaline,

would not be rendered acid and unfriendly to the fungus in this way.

Lime corrects soil acidity and thus promotes development of this

disease. It is unwise to use lime on land immediately preceding a

potato crop, provided there are any scab germs in the soil or on the

seed, and the same is true of fresh stable manure.

Sulphur for Scab.—The New Jersey Station obtained some strik-

ing results from the use of sulphur on the land at the rate of 300

pounds per acre in the row, the seed being treated with it also. A
series of experiments indicated that a sovereign remedy had been

found, but tests elsewhere brought out the fact that soil conditions

are a prominent factor, and that while the sulphur, like a green

crop ])lowed diown, would check the fungus in some soils, it was only

slightly effective in other soils.

Some Station Conclusions.—From special Bulletin ''S" of the New
Jersey Station I take the following:

''In soil known to be thoroughly infested with the germs ca^islng
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potato scab, the fungicidal properties of a considerable uurnber of

substances liave been tested during the paet six years.

"Lime, gas-lime, kainit, corrosive sublimate, sulphur, Bordeaux,

cupram, oxalic acid, sulphate and sulphide of ammonium, bisulphide

of carbon, sulphuric acid, kerosene, formalin, creolin and benzine

have each been added to the soil, and nearly all have had no eifect

upon the scab. A few reduced the disease somewhat, as corrosive

sublimate, Bordeaux and cupram, but not enough to render them of

practical value. Lime increased the percentage of scab.

"Of the whole list, sulphur only has yielded results which warrant

it being recommended to potato growers as a preventive of scab. It

is not uniformly active, depending, probably, upon the conditions

of soil temperature and moisture.

"For practical use, ;iUU pounds applied to the open row are deemed

sufficient. It is also best to roll in sulphur the freshly-cut 'seed,'

as it prevents rapid drying out of the water.

"The soakiiig of scabbed potatoes in corrosive sublimate has not

proved of much practical value when they were planted under the

conditions of the experiment, namely, in badly scab-infested soil.

"Uuinfested soil may be readily contaminated by the introduction

of scabbed potatoes or beets. The germ of potato scab, while not

readily destroyed by boiling, seems to be largely destroyed by pass-

ing through the digestive tract of cattle. Special exposure (ridging)

of scab-infested soil to the elements during the winter months dtoes

not appreciably ali'ect the vitality of the disease. Susceptibility to

scab is greater in some varieties of potatoes than in others.

"No plants, save the potato and beet (aijd probably the radish and

turnip), have been found subject to root scab. Ail attempts to in-

oculate various species, both wild and cultivated, many of them

closely related to the above-named hosts, have proved unsuccessful.

"Experiments have demonstrated that the scab fungus is actively

retained in the soil for at least six years without the presence of

potatoes or beets."

In connection with the above, I ask that a close reading be given

the following summary of Bulletin No. 40, of the Rhode Island Sta-

tion, believing that the results stated make plain much truth about

this fungous disease:

"The results from the use of sodium compounds and oxalic acid

in connection with barnyard manure confirm those obtained in 1895,

viz., common salt (sodium chlorid) tends to lessen the amount of

scab. Soda ash (sodium carbonate) tends to increase the scab. Ox-

alic acid tends to lessen the scab when used with barnyard manure
only or when common salt or soda ash is present.

"2. A scabless product was produced where calcium chlorid or land
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plaster (gypsuiiij was used. Calcium clilorid had a marked poison

ous effect upon the potato plants and nearly destroyed them. Land

l)laster appeared not to have increased, and it may have lessened,

(he \ield sli^htlv. \Miere calcium at the same rate as in the cal-

cium chlorid and land plaster was applied to the form of wood
ashes, air-slacked lime, calcium carbonate, calcium oxalate and cal-

cium acetate, the vigor of the plants and the yield of tubers were

wonderfully increased, but the crop was so badly scabbed as to be

worthless.

''3. Where the fertilizer was used without any lime compounds no

scab resulted, showing that the acid soil must have rendered dor-

mant or destroyed the scab fungus introduced on the scabbed seed

tubers of the two previous years.

''i. The treatment of the seed tubers with a 1 to 1,000 solution of

corrosive sublimate for one and one-half hours was utterly useless

where the soil was favorable to the disease and where it was already

badly contaminated by two preceding lots of scabbed seed tubers and

scabbed crops. In other experiments by us heretofore where the

soil was favorable to the disease, but where little or no contamina-

tion already existed, Bolley's corrosive sublimate treatment proved

highly effective. It is probable that some germs escape even thid

treatment, but fewer, of course, where the seed tubers are not scab-

bed, so that there is danger if potatoes and root crops are grown fre-

quently that serious contamination may nevertheless result event-

ually. The necessity, on land intended for potato growing, of avoid-

ing the frequent use of fertilizers which tend to make the soil more
favorable to the development of the scab fungus is therefore obvious.

''o. The materials which favor the scab and which are at times

applied to land are: Stable manure of all kinds, wood ashes, air-slack-

ed or caustic lime and carbonate of soda (soda ash), potash, lime

and magnesia.

"6. The materials which do not tend to make the scab and whicli

may decrease it, are most commercial fertilizers, seaweed, potash

salts (excepting potassium carbonate), land plaster, common salt

and ammonium sulfate. Sodium nitrate (Chili saltpeter), if used in

large quantities, may favor the scab eventually, but from the

amounts usually applied no serious results would be expected to fol-

low. In case a soil were badly contaminated and favorable to the

disease, super-phosphate, ammonium sulfate, kaiuit, sulfate and mu-
riate of potash are materials which, applied as fertilizers, would
tend gradually to alleviate the conditions.

"7. Sulfur when mixed thoroughly with the upper seven to eight

inches of a badly contaminated soil favorable to the disease, though

checking the scab somewhat, was practically useless.
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"8. The treatment of seed tubers by rolling io sulphur and sprink-

ling the balance in the row at the rate of 300 pounds per acre is

claimed by Halsted to be quite effective. The use of the very poison-

ous corrosive sublimate solution would be thereby avoided, yet the

additional expense of the sulfur over the corrosive sublimate treat-

ment for this purpose militates against its use in that way where

potatoes are grown at the present low prices.

"9. The marked acidity (sourness) of soils, or the absence of car-

bonates in them, seems to indicate their ability to produce a scable&s

product even when untreated seed tubers are used."

OUR CONCLUSIONS.

When danger of scab threatens, all seed should be treated with

corrosive sublimate or Bordeaux mixture before planting, and the

land should not be given an application of fresh stable manure or

lime within a year of planting. Kotation of crops is desirable. If

the soil is infested with the fungus, an attempt should be made to

produce some acid in it by plowing down a green crop, like rye, in the

spring. Lime sfliould not be applied. Rolling the cut seed in sulphur

before planting and applying 300 pounds of sulphur in the row, may
give good results. Some varieties of potatoes are much more subject

to injury from this fungus than others are. Select resistant varie-

ties.

On the other hand continuous planting of potatoes and the use of

manure will not bring scabby crops if the fungus germs are not

present, or .if they are kept in control by the acidity of the soil. Clean

seed, made so by treatment of good tubers with the solution of

corrosive sublimate, and selection of resistant varieties do much to

save from loss. Drainage is an aid, in that it removes a surplus of

moisture. Experiments with irrigation of potatoes indicate that

water favors scab development, and in our own experience the dis-

ease is worse in wet seasons than in dry ones. Early digging is ad-

visable when scab is present. While most scientists regard the

worst roughening of the skin as an eifort of nature to heal the injury

made by the fungus, yet there is evidence that the injury continues

after maturing of the tubers when left in the ground. Exposure to

light checks its work. The budding of seed in the sunlight before

planting destroys the vitality of the germs.

Rhizoctonia,—A disease that is new to potato-growers in this

country is appearing in fields in many States. In the annual report

of the New York Station for 1900, attention is called to it, and we
learn that it was observed over ten years ago in Iowa. In 1900 I

found the disease in one of my fieldis, losing two-thirds of the crop by
its ravages, and learn from our Station workers that it is the soil

46
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fungus, rhizoctouia, whicli attacks the roots and stems of many cul-

tivated jjlauts. The hist indication of its presence is found in the

wilting of the leaves in the buds. The edges turn inward, giving the

plant a lighter appearance. The wilt conlinues, and examination of

the stem shows discoloration. The i)resence of the fungus in the

stem appears to shut olf the circulation of the eap, and in bad cases

the vine will turn yellow quickly. In other -cases, the injury to the

stem may be sufficient only to dwarf the grow th of the vine. The

fungus may attack the stems that feed the tubers, checking their

growth and giving only small potatoes from large vines. In 1DU2

this disease again attacked a field of potatoes on the farm and gave

promise of most severe injury, but it was checked by some unknown
means—most probably by a period of cool, dry weather—and while

some plants were too badly atl'ected to recover, a majority did so,

losing the wilted appearance and giving a good yield of large tubers.

it is known that the germs are transmitted on the seed, and that

when they are in the soil it nmy remain infested for many years.

Station authorities advise treatment of the seed with corrosive sub-

limate and liming of the land. The spraying of affected vines with

any fungicide can not affect the disease which is lodged inside the

stem of the plant.

HARVESTING AND STORING.

Potatoes keep beet when they can be left in the ground until

the cool nights of September, if the season is dry. In a very wet

season, ripe potatoes left in the ground may make a second-growth,

sending up sprouts from the eyes, and there is danger also of rot.

But it is not easy to keep potatoes stored in quantity in very hot

weather, and it usually is better not to dig until earl^^ in the fall

unless the crop can be marketed at once. Just as soon as the nights

become cool, the potatoes can be stored safely in piles in the field

under a covering of straw, or in cellars. Aoy tubers cut by steel

in digging should be taken out of a lot intended for early storage

aei they will rot in a warm splace. This is equally true of potatoes for

early shipment to a distant market.

Diggers.—Formerly the crop w'as dug largely with hoes, hooks

and forks, but the lack of cheap labor has brought a number of kinds

of good implements for harvesting the crop. In loose soils, and es-

pecially with shallow planting and ridge culture, some of these dig-

gers do nearly perfect work. The best digger is one that lifts up

all the soil in the row with the potatoes, sifts the soil back into

the furrow it makes, and leaves all the tubers lying on the surface.

The digger that elevates the mass of earth in the row, and gives
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time for thorough sifting before the potatoes are dropped upon the

ground, does the best work, but it is, of course, at the expense of

extra power. Such diggers are expensive, but in loose soils they

soon repa}' their cost. There are cheaper diggers that do excellent

work under favorable circumstances. In the selection of a dagger

the n.atter is one of arithmetic largely. The cheaper the price, the

fewer facilities it has for sifting the soil away from the tubers,

as a rule, and one must be governed by the acreage he has to har-

vest, and the market price of potatoes and of human labor.

For heavy soils in which potatoes are planted deep, it is not pos

sible to have a digger that will be easy on horses, and yet do satis-

factorily clean work. There is a large volume of soil to be moved
by the digger, and there is difficulty in securing a perfect separation

of the potatoes from the soil. It is not our purpose to call atten-

tion to the merits and demerits of any of the diggers now on the

market, but to remind growers that soils and methods of planting and

of culture vary so much that no investment should be made without a

field trial. Clean work should be made a leading consideration, as

we want to secure w^hat we have produced, but the ])ower required

and the wearing qualities of the emplement should be taken into ac-

count.

Potato Boxes.—In great potato-growing sections years ago it was

a common practice to pour bulk potatoes into wagon-beds, and to

shovel them out into baskets when unloading. This primitive

method was laborious, and did injury by bruising the tubers. Po
tato boxes have now come into common use in many districts. They
are made of light material, preferably bass-wood, or similar wood.

The boards for sides and bottom should be three-eighth inches in

thickness, and the ends one-half. The size of box should be such that

it will contain 2,(>88 cubic inches, level full. The legal bushel

measure for grain contains 2,150.4 cubic inches, and in measuring

roots or potatoes the rule is to heap the half-bushel measure suffi-

ciently to add one level peck to the two level half-bushels. Five

level pecks, or 2,688 cubic inches, are the equivalent of tw^o rounding

half-bushels, and of a level potato box rightly made. The following

dimensions are the ones used by a leading manufacturer of these

boxes: Twelve and one-half inches deep, thirteen and one-half inches

wide and sixteen inches long. This gives exactly 2,700 cubic inches.

This size probably is more convenient than any other that could be

devised. The length of two boxes is near the width of the ordinarv

wagon-bed, leaving only room for the hands when putting them into

position, and, when empty, one box can be placed inside of two
others, economizing space. Witlh high side-boards on the wagon-
bed it is convenient to tier up sixty bushels when drawing from the

field to the cellar, or to market, but the extensive grower may prefer
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a louj,^ platfoi'iii thill will lioUl tweiit}^ or more boxes in a single tier.

The home-made box is nsuallj less satisfactory. It is made rarely

of the best light material, and when one takes into account the num-

ber of times the boxes must be handled, he may see the advantage of

having the very best. Manufacturers furnish solid boxes that weigh

only seven pounds, are exact in size, trim in appearance, and will

last for fifteen or twenty years, if cared for properly. Other boxes,

slatted on ends and sides, are furnished" at a less price, and are less

substantial. The boxes, bought in crates of a dozen, cost about

eighteen cents a piece for the solid ones and fourteen cents for the

slatted.

The potatoes are picked up after the digger and placed into the

boxes, the unmerchantable tubers being left on the ground. When
a load is ready, the boxes are handed up to the driver of the wagon,

and) while he takes the load to the car, cellar or other place of stor-

age, another load is made ready by the pickers. Eeturning, the

driver puts his empty boxes out, takes on his load of full ones, and

the work proceeds with a minimum amount of handling. If the po-

tatoes are drawn directly to consumers, neat boxes for handling them
are a good advertisement as well as a means of saving labor, time

and injury to the stock.

When good seed, cut to two eyes, has been planted in good ground,

and the tillage has been right, the number of unmarketable potatoes

usually is small, and many years we do not pick them up. It is the

practice of some growers to pick up all sizes together and then to sort

out those that are not merchantable, using the best of these for plant-

ing and the remainder for stock feed. As has been said in another

place, the small tubers are not the most desirable for use as seed.

If there is a considerable proportion of the crop that is too small for

market, it should be gathered from the ground after the merchant-

able potatoes have been taken up.

Storing Potatoes.—Winter storage should not be provided until

the weather is cool. If the potatoes are put into large bulk in cel-

lars, pits, or piles on the ground in hot weather, they will sprout

quickly in a warm winter. In the case of seed potatoes, I have found

it well to store temporarily in cellar in the fall, moving them outside

for burying when the weather is cold. A good plan is to scatter

some straw over the ground intended for their burying, and then

wait for a freeze. Remove the straw when the temperature is above

freezing, and put the potatoes into narrow ricks on the unfrozen

ground. Cover to a depth of six inches with dry straw, and then put

on six inches of earth. This covering of soil will freeze quickly in

cold weather, and then another covering of straw should be added,

and on this soil manure or corn-stover may be placed. With this

method, the potatoes are cool when buried and the ice in the under
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covering- of earth is held in it throughout the winter, giving a very

good and cheap cold storage until time for early planting. Farther

north, the more complete protection by pits is desirable. Storage of

seed in ordinary cellars does not give good results in warm winters.

A cold-storage building may be provided, having warm walls, and

good means for ventilation in cool nights of spring and for exclusion

of the warm air of mid-day. and potatoes may be kept unsprouted

thus without any ice until quite late in the spring. Make the walls

double, with dead-air si)ace between them, have the floor proof

against rats and water, and admit the cool air through chutes under

the bins, letting the warm air pass out through a ventilator. When
the room has been filled with cold air, close tightly. The temperature

should not be permitted to drop below thirty-five degrees Fahren-

heit for any great length of time. That is near enough the freezing

point for safety. Chilled seed is as unsafe for planting as heated

seed, and either incite loss and disappointment. Darkness is es-

sential to the proper keeping of potatoes for seed or eating.

Shrinkage in Storage.—Potatoes lose in weight rapidly for a few

days after the digging, either when left in boxes or put into piles in

field or cellar. The greatest product is gotten by immediate market-

ing. After the sweating they undergo in the bin or pile, the loss is

not great until a tendency to sprout manifests itself. Then shrinkage

occurs either through the S])routing or the stirring given to prevent

sprouting. The amount of shrinkage is so dependent upon variety

and kind of storage that no figures of special value can be given.

Koughly speaking, the shrinkage in cellars from storing time until

spring is eight to fifteen per cent. In cold pits it may be less. In

warm cellars the loss, including normal decay of cut or bruised

tubers, sometimes exceeds fifteen per cent, by the first of May.

POTATOES AS FOOD.

Professor Storer, in his valuable work on Agriculture, remarks

that "it has been said that the famines which formerly devastated

Europe became much less frequent after the potato was cultivated

as a field crop. Before the introduction of the potato it happened

constantly, every six or eight years, that somewhere on the continent

of Europe the inhabitants of large tracts of land suffered from dearth

because their grain crops had failed."

According to Dr. Langworthy, the potato is ju'obably a native of

Chile, being introduced into Europe between 15S0 and 1585, and into

our country about the same time. Its food value was quickly appre-

ciated, and it is a staple article of diet. From the year-book of the
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Department of Agriculture, I quote the followiug, by Dr. Lang-

worthy, of the Office of Experiment Stations:

^'Coolving of I'otatoes.—Altliougli the potato owes its nutritive

value principally to carbo-hydirates, it will be remembered that it

contains some nitrogenous matter also. According to the investiga

tions of Lawes and Gilbert, the juice of the potato contains more
proteid or albuminoid nitrogen than the flesh. This is an important

matter, since albuminoid nitrogen is more valuable for the body than

non-albumiuoid nitrogen. In general, it may be said that 85 per

cent, of both protein and mineral matter in the potato (the latter

being valuable for dietetic reasons, though not a nutrient) is in the

juice. More or less of the juice of any food may be accidentally

lost when it is prepared for the table; and the possibility' of loss in

cooking, due to this and other factors, is a matter of importance.

Any sugar or other soluble carbo-hydrates might be removed if po-

tatoes were cooked by boiling. Ko considerable loss of starch as

such is to be expected, since starch is insoluble in water. Some
starch is changed to a soluble body, dextrin, a sort of sugar, 'by the

action of dry heat, possibly also when water is present.

''The principal ways of cooking potatoes are baking, boiling and

frying, or some modifications of these processes. The objects sought

are principally to soften tire tissues and render them more suscep

tible to the action of the digestive juices and to improve the flavor.

Just why cooking changes the flavor, as it does, has apparently never

been made the subject of investigation. In potatoes, as in other

foods, the cooked starch is more agreeable to the taste than the raw.

Possibly also there are volatile bodies of more or less pronounced

flavor, which are removed or produced by the heat of cooking. The

physical condition of the potato is much affected by heat. In the

raw^ potato the separate starch grains are inclosed in cells with walls

composed of crude fiber, a material resistant to digestive juices. If

potatoes were eaten raw% the digestive juices would not reach the

starch as easily unless the cell walls happened to be ruptured me-

chanically, as in mastication. Heat, however, expands the water

present, ruptures the cells, and breaks up the starch, expanding the

granules, which, w^hen raw, consist of tightly-packed concentric

layers, to a mass of much less solid structure.

"The albuminoids in foods are coagulated by heat, and so are

rendered insoluble in water in which food is cooked. This explains

why foods, meat especially, should be plunged into boiling water if it

is desired to retain the albuminoids. The heat at once coagulates

the albumen on the surface, thus preventing more or less completely

the extraction of materials in the inner portion. It seems probable

that this reasoning w^ould apply to potatoes as well as to meat, al-

though they contain much less albumen. The effects of cooking po-
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tatoes by boiling in different ways were tested not long ago at the

Minnesota and the Connecticut (Storrs) Agricultural Experiment Sta-

tions. The potatoes were boiled in distilled water, limewater, and

alkaline water; part were boiledi in water hot at the start and part

in water, cold at the start. In some cases the potatoes were peeled

before boiling and in some cases this was not done. In two tests the

peeled potatoes were soaked before boiling. The total loss of ma-

terial (dry matter) ranged from 6.5 per cent, of the total amount pres-

ent in the casi of the peeled potatoes soaked before boiling to 0.2 or

0.3 per cent, in the case of the potatoes boiled with the skins on.

The greatest loss of total nitrogen and ash were also found when
the peeled potatoes were soakedi before boiling; least when this

was not done. Whatever the method of boiling, little of the carbo-

hydrates was lost. From the experiments as a whole, it may be

said that when potatoes are boiled with the skins removed there is

a very considerable loss, not only of organic nutrients, but also of

mineral salts. To obtain the highest food value, potatoes should

not be peeled before cooking. When potatoes are peeled before

cooking and placed directly in hot water and boiled rapidly, less loss

of materials is sustained than when they are cooked in water cold

at the start. If potatoes are peeled and soaked in cold w-ater before

boiling, the loss of nutrients is quite considerable; in the case of

proteids, being equal to one-fourth of the amount present. The

loss in a bushel of potatoes thus cooked would be equivalent to the

albumen in a pound of sirloin steak. When potatoes are boiled with

the skins removed the greatest actual loss of nutrient seems to be

due to the mechanical abrasion of some of the soft outer portions

while cooking. In the experiments at the Connecticut (Storrs) Agri-

cultural Experiment Station it was found that nearly three per cent,

of the carbo-hydrates and four per cent, of the albuminoid material

were lost when potatoes were thus cooked. When the potatoes were

boiled with the skins on. the loss of nutrients was very slight, con-

sisting chiefly of non-albuminoid nitrogenous substanct-s and mineral

matter. It is, therefore, evident, if it is desired to boil potatoes with

as little loss as possible, that the skins should be left on.

''Comparatively speakfng, there are probably few cases in which

it is necessary to take account of the losses due to diPferent methods

of boiling potatoes and where the possibility of loss would out-

weigh the liking for them prepared in some particular way; but in

institutions where a large number must be provided for, and, in

fact, under anv condition where rigid economv is necessarv, the mat-

ter may assume considerable importance.

"An extended study of the relative composition of large, medium,

and small potatoes, and of the different parts of the tubers and of

the taste and culinary properties, was recently reported by Condon
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and Boussard, two French scientists. The authors believe that the

culinary value of potatoes is directly proportional to their nitrogen

content and inversely proportional to their starch content. The dif-

ferent varieties of potatoes were found to vary greatly in their re-

sistance to boiling, some retaining their form completely, while

others were almost wholly disintegrated. The opinion was ad-

vanced that resistance to boiling depends principally upon the rela-

tive amount of albuminoids present. No definite relation was ob-

served between chemical composition and early maturity. Gener-

ally speaking, the early varieties contained more water and nitroge-

nous materials and less starch than the late varieties tested.

"As regards chemical composition, it may be said in general that

boiled potatoes contain a little less water than raw potatoes, and ex-

cept as this changes somewhat the proportion of nutrients, they dif-

fer little in composition from the raw. Mashed potatoes, if they

are not seasoned, must necessarily have the composition of the un-

mashed boiled potato, making allowance for the small proportion of

water which would probably be lost by evaporation in mashing.

When milk, cream or butter is added to mashed potatoes in prepar-

ing them for the table, the nutritive value is increased, though the

chief reason for adding sudh materials is doubtless to improve the

flavor. This is also the reason why salt and pepper are added.

Baked potatoes have practically the same composition as the un-

cooked, some water being lost by evaporation. When potatoes are

fried, as in making potato chips, they lose by evaporation much of

the water present and absorb more or less fat. They, therefore, have

a higher nutritive value, pound for pound, than raw potatoes. Po-

tato chips have been found, by analysis, to contain two per cent,

water and 39.8 per cent, fat, as compared with 78 per cent, water and

0.1 per cent, fat when raw. The many ways of cooking potatoes,

with or without the addition of other materials, which are described

in books devoted to cookery, are, in principle, modifications of those

already alluded to. The wholesomeness of potatoes cooked in differ-

ent ways is largely a matter which each must decide for himself, the

general experience being that for men in health most of the methods
followed are satisfactory.

"Evaporated potatoes are now on the market, being especially rec-

ommended for provisioning camps and expeditions. As compared
with fresh, the evaporated potatoes have a high nutritive value in

proportion to their bulk. This is the case with all evaporated foods,

such material having been concentrated by the removal of a large

proportion of the water originally present."

Potatoes for Live Stock.—Many experiments have been conducted

to determine the value of potatoes for feeding to farm animals. It

is found that fhey have a value as an aid in digestion of dry feeds
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that may exceed their own actual food value. The potato is largely

water, and in the feeding of thousands of bushels to horses, cattle

and sheep, we have been led to believe that a bushel of corn at forty-

cents is as cheap feed as potatoes at ten cents, excepting such small

amount as may be needed to aid digestion. Experience and Station

experiments indicate that potatoes should be cooked for hogs and

poultry, but that tlK-y may be fed raw with profit to horses, f-^'ttle

and sheep.

49—6—1902



770 ANNUAL REPORT OF THE Off. Doc.

THE) MANAGEMENT OF GREENHOUSES.

Uv Eywix Lonsdale, Wyndmoor, Pa.

INTKODUCTOKY.

While greenhouses lor the growing of a general collection of plants

have long been in use, commercial greenhouses for the growing of cut

flowers, especially for winter, are of comparative!}' recent develop-

ment, dating back not much more than twenty-five years in Penn-

sylvania.

In the spring of 1880, an establishment was started near Phila-

delphia—modest in its proportions, it is true—in which to grow cut

flowers to be disposed of under wholesale arrangements. There

were three greenhouses, each one hundred feet long. The one for

roses was twenty-three feet wide. In that house w^ere grown five

varieties, namely: Safrano, Isabella Spruut, Bon Silene, Niphetos

and Perle des Jardins, none of which are grown in any quantity for

winter blooming at the present time in or near to the larger cities.

Another house was for Carnations, and the variety grown was prin-

cipally, King of the Crimsons. This variety found ready sale on ac-

count of its color to help out the celebrated crimson rose. General

Jacqueminot (''Jack"), which was at the height of its popularity

about that time. The third house was devoted entirely to Smilax,

botanically known at that time as MyrsiphyUwn asparagoides

;

now, according to Bailey it is classified as an Asparagus^ A.

medeoloides. At this time little or no other green was grown

to associate with flowers, excepting, possibly. Maidenhair

Fern

—

Adiantum cuneatum,—and that in very limited quantity. This

house contained about 3,.500 plants, which proved at that time to be

more than Philadelphia could use to advantage. Florists in the

cities of New York and Washington, however, were only too glad

to take the surplus, and for several years, florists of the two cities

named depended largely upon this establishment for much of their

Smilax supply. Smilax was at that time an excellent paying crop,

frequently yielding one dollar per square foot, which is considered

very profitable.
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Other greens have come since that time which are more popular

than the older Smilax, as Asparagus plumosus nanns^ and A. Spren-

gerii the former of which twines itself on strings as does the Smilax,

and houses very high are built especially for its cultivation; whereas,

Spre7igerii grows in plumes or sprays and are cut in lengths from nine

to eighteen inches, and are sold in bundles of about twelve plumes

each, averaging about fifty cents per bunch.

Asparagus tefiuissitnus, known to some extent as "Mermaid's

Hair," w'as the first to dispute the position occupied for so long by

Smilax, but for some reason it seems to have entirely gone out of

cultivation, especially about the larger cities. According to Bailey,

tenuissimus is a variety of plumosus nus ; which would never be

suspected by the casual observer. Mermaid's Hair, describes it very

well, being very finely cut indeed, resembling greenish mist.

Another green grown is the Adiantmn J^arleyense, the Queen of

Maidenhair Ferns, and it richly deserves that name. No fern, how-

ever, at present in commerce, is so well suited to go with flowers as

are the difl'erent varieties of Aspargus on account of the tendency to

wilt so soon. There is, however, a new Adiantum (Maidenhair Fern)

to be sent out soon which is similar to Adiantum cuneatum^ and is

far superior to any other in its lasting qualities' after being cut, and

for that reason when it becomes better known must bocoTno popular.
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GREENHOUSE rJ.ANTS AND VARIETIES.

It can hardilv be questioned, I believe, that the growing of

plants in the window wae the fore-runner of the greenhouse struc-

tures of to-day, in which to shelter exotic and other tender plants

from frost and to force flowering plants into bloom out of their

natural season. Great improvements have been made in the build-

ing of greenhouses during the past twenty-five years; especially does

thi.s apply when used in floriculture and the growing of plants for

decorative purposes, which come under the head of ornamental hor-

ticulture.

The first greenhouse built would, it is natural to suppose, be an

attachment to a residence, and in those early days what are termed

"lean-to's" were the most generally in use. The term "lean-to" means

that the wall, which was a part of the residence, upon which the

greenhouse appeared to lean was utilized as one side of the struc-

ture, and the sash-bars were secured at the top to the house side and

at the lower end to a wall low enough to give the necessary angle to

allow^ rain and snow to fall naturallv therefrom, and at the same

time to give the sun an opportunity to reflect his life-giving rays

therein. And the methods emp-loyed in these days also are to build

greenhouses to catch every possible sun ray, that is to say, when such

a structure is erected for the purpose of producing flowers in the

more or less frosty nights and cloudy days of winter, with some ex-

ceptions, which will be noted in due course.

The variety in styles of greenhouses now in use is almost infinite.

Indeed each individual has his own ideas which he has naturally em-

bodied into a plant-growing structure.

In regard to growing plants under glass, flowering plants are es-

pecially in mind. Among the most popular flowering plants for cut

flower purposes to-day that are hardy, or very nearly so, we note

here.

We will place the Rose first, and with very slight protection from

severe frost, all the popular varieties used in the wanter season are,

speaking generally, hardy. That is also true to a great extent with

the Carnation and the Chrvsanthemum; and in the Lily of the

Valley it is quite true as to its thorough hardiness, and which, by the

way, may be had in flower, if due notice is given, on any day at any

time of the year. This is brought about by a systematic arrange-

ment with cold storage, in which to keep the roots dormant until

the proper time.
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We have the exotic Orchids for cut flowers, but Roses are really

the most popular flowers before the public at the present time, and

observers of events feel they can safely say that the Rose, the "Queen

of Flowers," vriU for all time hold the affections of the people.

To the laymen, if I may be allowed to so designate those who are not

iu close touch with the forcing of Roses for cut flowers commercially,

it may seem strange when I say that out of hundreds of species and

varieties and of Roses in and out of catalogues and books of refer-

ence, there are less than a dozen which are recognized as being both

profitable and popular for the purpose indicated.

As to varieties, American Beauty stands first on the list. Its

cerise color is too well known to need anything more than a passing

mention here. Its sweet June Rose scent endears it to all, besides

being a Rose which when well grown may be cut with almost any

length of stem desirable. For special purposes, flowers with stems

eight feet long have been cut-^these are the most expensive of any;

not that the individual flower is any better on these extremely long

stems than ou shorter ones, because they are not. Frequently the

flowers on a stem a foot long or even shorter will be equally as per-

fect in form, size, color, and, of course, fragrance, as those with a

much longer stem. It is the scarcity of these very long stemmed
l^owers, and the special uses to which they may be put, which makes

them more valuable and consequently higher in price than the

shorter ones. This Rose may be bought all the way from one dollar

to twenty-five dollars per dozen, according to the season of the year

and the length of stem and quality of the flower, but the fragrance,

bear in mind, is always found in the flower oo matter how long

or how short the stem or how far from perfect may be the flower in

form.

The origin of American Reauty Rose is in doubt. A claim is made
that it was discovered in the garden of the late historian, George

Bancroft, at Washington, D. C, who was a great lover of Roses

and had a collection of numerous and choice varieties. It was the

gardener for Mr. Bancroft who discovered it first, but whether he

thought he could see that it possessed a possible forcing quality or

whether by accident it was fouud out, has not to my knowledge been

placed on record. Certain it is that more area under glass is devoted

to its culture for the large cities, as Philadelphia, New York, Chicago

and Boston, than all the other varieties of winter forcing varieties

combined.

Although we owe much to the florists of Boston for having been

the pioneers in the development of Rose forcing in general, yet the

American Beauty, for some unaccountable reason, has not in the

past been grown thereabouts so successfully until the past

year or two when better reports have been recorded; consequently
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the Boston retail florists have been depending upon the Rose growers

about I'hiladolphia and some other localities for the greater part of

their supply therefor. There are evidences, however, that many
piore of the flowers of the American Beauty will be home grown for

the Boston supply in the future than there have been in the past, for

some immense structures have beeu built near to that city for the

I)urpose indicated during recent years. Kose houses 750 feet

loug and 25 feet wide haye been built within the past two years,

in which, we believe, only American Beauty Koses are grown.*

When the American Beauty received so much attention in the

American horticultural magazines, the European horticulturists

naturally became interested, and, in consequence ,ordered plants of

same. In due course these jjlants flowered, and thereupon a French

nurseryman recognized in it an old variety by the name of Mme.
Ferdinand Jamin, and duly spread the information broadcast in all

languages where advanced horticultnre is known. This, as a con-

sequence, temporarih^ at least, gave American nurserymen a bad

name—that of renaming an old variety and redisseminatiug the

same, thus causing rau(;h confusion in Rose nomenclature, besides

placing American disseminators of floricultural novelties under the

ban. In the case under consideration it was purely unintentional.

Besides, if it is in any way consoling, the European distributors of

novelties have been guilty of the same kind of '"slips"—that of re

naming aiid redisseminating old varieties under new names.

An old friend of mine, fifteen years ago, in the columns of the

American Florist, made the statement that American Beauty was

the best Rose introduced for the past twenty years, and although

he was ridiculed to some extent then, nothing but the truth

was stated as time has proven. The grand blooms of this Rose

that have been produced since w-ere not dreamed of at the time

the statement was made, but the improved methods of culture and

a more exacting demand as to quality for all classes of flowers has

helped along the good work.

From the American Beauty Rose has sprung tw^o varieties, namely:

"American Belle" and the "Queen of Edgely." Both originated as

what are known among gardeners and florists as "sports," that is

to say, a shoot produced a flower that was distinct from those pro-

duced by the parent plant. Cuttings, "slips" or scions were made
from said shoot, and in due course plants and flowers resulted there-

from which proved to be sufficiently distinct to warrant the adopt-

ing of a different name. The color of the flowers of both sports,

or, as Darwin would call them, "bud variations," were nearly

• la Connecticut (luring rhe present, SuuiTner (li)l)'?K a rose house 800 feet. Iouk by .')0 feet [wide was
built, in which are now ^'ovvins; American Heauty Koses for the Hostou market.
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alike, being pink and very much lighter in color tlian those produced

on the original American Beauty, though the general habits of the

respective sports were ver}' ditlerent.

The Queen of Edgely is similar to "Beauty" in all respects except-

ing the color of the flowers, whereas in "'Belle" there is a decided dif-

ference, which is noticeable at a glance; the leaves are smaller and
the variety is less vigorous than either of the other two, consequently

more difficult to manage, and that is why the American Belle has

never become popular with the growers of cut flowers for market.

Man}- experts believe that had it possessed the strong vigor of eifher

its parent or its sister-sport, the Queen of Edgely, it would have been

grown in almost as large quantities as the Americati Beauty
and as the "Queen" is expected to be grown. The latter was
only introduced to general cultivation during the spring of 1901,

whereas, the American Belle was disseminated in 1893. Both the

American Belle and Queen of Edgely originated in Pennsylvania;

the former, near Chestnut Hill, in Montgomery county, and the

latter, near Bristol, Bucks countv.

Other varieties of roses which have found favor with both flower

buyers and Hie growers of roses, are the Tea-scented roses. Brides-

maid pink and the white one, Bride; and, strange as it may appear,

boti) these originated as sports and both from the same source, name-

ly ,from a rose sent out from France in 1809, named Mile. Catherine

Mermet, which has been almost entirely superseded by its offspring,

lU'idesmaid, which is a brighter pink and more constant in its color-

ing. Two other varieties sported from "Mermet," namely, "Waban"

and "Maid of Honor," both a darker pink in color than the original

and more flat in form, neither of which became popular. The Bride

appeared in 1885, and Bridesmaid in 1892, both in New Jersey;

Waban appearing in Massachusetts and Maid of Honor in Ohio.

"Golden Gate" is of American origin, and is another very satis-

factory rose to grow, having a strong constitution and produces its

beautiful buds plentifully. Its name is a misnomer, however, being

neither yellow in color, nor did it originate near to the Golden Gate

in California, but was raised from seed about the year 1890 by a Mr.

Little, of New Orleans, La. In color it is creamy white, with a sug-

gestion of yellow at the base, delicately tinted at the edges of the

petals with pink. This variety has also sported a white form which

has been named "Ivory." Its real value is not at present well

known as it is not yet in general cultivation. It will be sent out dur-

ing the present year (1902). It, however, is full of promise.

The "General Jacqueminot" or "Jack"—is not so much grown for

winter blooming as it at one time was, being a one crop rose, and in

order to try to keep up a continuous supply, several houses had to
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be grovvu of it and started at intervals of two weeks or so witli tliat

object in view. ''Meteor," being crimson in color and everblooming

in character, has largely taken its place. It is, however, not

so good a rose as the older favorite in any way, except-

ing in its perpetual blooming qualities. It has little or no fragrance,

and it is not so large nor so good in form, nor is it so pleasing in its

crimson coloring. This rose was raised from seed in England. A
newer crimson-colored variety, known as "Liberty," was distributed

for general cultivation during 1900, which is very much superior to

Meteor in every way, excepting that it is not such an easy doer, be-

ing more difficult to manage, but is giving excellent results with some

growers. Liberty was a seedling raised in Ireland.

"Perle des Jardins," a yellow tea-scented rose of French origin,

was sent out in 1874, and for a number of years was very popular,

leading all others for a few seasons and entirely superseding

"Marechal Niel," a yellow rose blooming in crops with rampant

growing tendencies, so much so that special houses were built in

which to develop its peculiarities. Although the "Niel" was a large

flower and a beautiful shade of yellow, the vei*}^ short stems upon

w^hich the blooms appear would debar it on social and general oc-

casions in these days of long, stout and erect stemmed roses, and

would find little or no favor now, excepting possibly on special occa-

sions.

From the "'Perle" quite a number of sports have originated. The

first was "Sunset," which appeared near to Jersey City, N. J., about

the year 1880, and was a fawn shade of yellow in color, and the

leaves on the joung growth had a more reddish tinge than appears on

the older Perle. This also became quite popular. ''Senator McNaugh-

ton," a creamy white in color, originated in Philadelphia, but was

not grown to any extent because it was not nearly so good in any way,

save possibly in its free blooming qualities, a feature which distin-

guishes the most popular v.hite rose to this day for winter blooming

ever introduced, namely, the Bride. Another sport came from Can-

ada, but this I am inclined to think sported from Sunset, and was

called Lady Dorothea; the coloring was more intense in the latter

than the former. Pink Perle and White Perle were announced from

Kentucky, but neither made any impression upon the trade for cut

flow^ers. "Sunrise" wjls one of the novelties among roses last

year (1901). It is a European production and is very beautiful.

It may be a sport from Sunset, as it has the same general habit as

that variety, both in foliage and coloring of the flowers, but very

much intensified. This variety has also sported. It perhaps would

be safest to say, reverted, for so far the flower's produced on the

sported branch are apparently identical with Perle des -Jardins.
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"Mme. Cusin," another French Rose, had a few seasons of popu-

larity. It is a delicate shade of pink in color, beautiful in shade

and form, though somewhat flat, and in its lasting qualities after

being cut from the plant, it is far superior to all others. This also

sported in New Jersey, and the resultant variety is known as "Mrs.

J. Pierpont Morgan." The color of the flower is much darker, being

a bright, though light shade of solferino; the flower is also larger

than "Cusin," and its good keeping qualities are, if possible, even

better. And "Mrs. Morgan" has recently sported in Massachusetts,

this time to an exquisite shade of delicate pink. It has been named

"Mrs. Oliver Ames," and will be disseminated for general cultivation

during the present year (1902).

All roses may be forced into bloom out of their natural season,

provided proper care is taken in the i)reparation of the plants and

the subsequent care of same; but those named are the mo»t popular

and easier to manage than are the hundreds to be found in cata-

logues and books of reference. The tea-scented section and the

Hybrid Tea, because naturally everblooming, are the easiest to

manage in this respect, and need little or no preparation excepting

to give them generous treatment so that they may be kept growing;

but all the buds and blooms should be kept pinched otf during spring

and summer, without taking any part of the shoots excepting one

eye and leaf possibly with the flowers. We have thought it best

to allow the flowers to come into full bloom before they are re-

moved, because the shoots which are left on the plants seem to break

into growth much quicker than when pinched oft' in the small bud

state.

Before closing these rose notes, I must say that the old favorites of

twenty-flve years ago, as Bon iSilene, pink in color, tSafrano, fawn

color, Isabella Sprunt, yellow—a sport from Safrauo— and Papa

Gontier, dark pink, are all really easier to manage than are the

Bride and Bridesmaid, but the flowers are considered too small for

present general recjuirements.

Koses for cut flowers, whether grown by the trade for sale or by

amateurs, are grown in soil on tables or solid beds, as taking less

care than when grown in pots, though just as good flowers may be

grown in pots as in any other way, but they refjuire very much
greater care in order to produce the finest flowers. American Beauty

may be an exception to that rule, because the long stems required

of this rose for the best and most exacting trade could not be pro-

duced in pots in sufTicient quantity to pay.

It has been deemed advisable to thus treat upon roses at length,

because if roses can be grown successfully in greenhouses, the

operator need not hesitate to undertake to grow any other plant, as

roses are among the most difficult plants to grow and bloom suc-

cessfully that we have.

4 I
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The question of temperature in the growing of roses is one of the

most important, and nearly all the sections mentioned need a few

degrees difference at night if we would achieve the greatest suc-

cess. For instance we have found the Meteor must have five de-

grees higher at night, namely, 65 to 08 degrees, than American

Beauty, Queen of Edgely and American Belle require, which to do

their very best should have from 60 to 62 degrees; kept as nearly

the first named number of degrees as possible is the better. Jiride

and Bridesmaid, 56 to 58 degrees, and Bon Silene, Safrano, Isabella

Sprunt and Papa Gontier, 54 to 56 degrees, and Golden Gate, 58 to

60 degrees. Perle, Sunset and Sunrise, from 00 to 62 degrees.

A similar state of affairs exists with Carnations, though not

quite to the same extent. Twenty-five years ago, from 40 to 45 de-

grees was considered about right for these popular flowers, but it

is found now that for best results with the greatly improved varie-

ties now being grown, a temperature about the same as that recom-

mended and in use for roses in those days is now in use for Carna-

tions, namely, about 55 degrees.

New varieties of Caraations are so readily produced, and are being

raised in all parts of the country, that it is quite difficult to keep

track of them all. One. named ''Prosperity," should be mentioned,

however, because it is such a decided step forward that it seems to-

day that it will be some time before it is distanced. This was sent

out last year. It produces the largest flower of any variety in com-

merce, with stiff, erect and long stems, and is white, marbled with

pink, in color.

A scarlet variety, named "Adonis," should be mentioned also, as it

is one of those superior varieties that looms up head and shoulders

above all the rest and looks as though it had come to stay for

awhile. It is brilliant scarlet in color, of large size, and has the

necessary stout and erect stem. The raiser of this novelty lives

in Ohio, and has sold same to two firms jointly, one living in In-

diana and the other in Philadelphia. The purchase price for con-

trol of the stock is said to have been |5,000. It will not be put

into commerce until the spring of 1903.

The price just named does not begin to compare with the price

which is said to have been paid by Thomas W. Lawson, of Massachu-

setts, for the variety which was named ''Mrs. Thomas W. Lawson,"

after the Copper King's wife. Said price was |30.000, but so well

was the variety advertised and so many plants had been sold that

the purchase money was reported to have been realized by the end

of the month of February, when there were still remaining three

good months in which to sell this sterling novelty. It has proven

to be a grand variety, giving excellent results generally, which is
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more than can be said for every new Carnation that is disseminated,

many varieties being absolute failures in some sections of the

country; whether it is the soil, the climate, or the water, which does

not suit them has not yet been determined.

VENTILATION.

One of the most important matters in connection with the success-

ful management of the greenhouse is the ventilation. It is very nee

essary, not only to keep the temperature within down to the mark,

but it is also necessary in order to make as complete a change of the

inner atmosphere as is possible.

In the olden time when greenhouses w'ere frequently, we may say,

generally built with sashes made for the purpose, the mode of ven-

tilation was to slide them all down from the top, or as many of them

as were left loose for that purpose, or according to the weather, and

with the pipes for heating purposes arranged beneath the stages,

thus a thorough circulation was made and the air changed.

Nowadays, however, few greenhouses are built with sashes, but in

stead, by what is known as a fixed roof, and arrangements are made
whereby sashes are hinged at the apex and lifted by a machine made
for the purpose, and by which the temperature may be regulated to

a nicety.

There is an automatic ventilating apparatus on the market, which

works with complete accuracy. It is operated by water pressure,

but it cannot be operated satisfactorily unless there is guaranteed

water pressure under control of not les»s than twenty-five pounds.

This is a wonderful contrivance, and is a great labor-saving machine.

Its cost, however, may se^-m to some prohibitory.

THE WATER SUrPLY.

The water supply is one of the first and most important matters

to be considered in the starting of a greenhouse.

Not more than twenty years ago, even within city limits, cisterns

were built inside the greenhouses in which to catch the rain-water

which fell upon the roof, and many old-time gardeners to-day prefer

the water secured in that waj^ to any other for the purpose indi-

cated, as they claim it is more soft and richer in the essential plant-
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foods than is found in the water in general use, as from springs or

wells or from water companies. There is no doubt as to the truth

of this matter, but only in a very small greenhouse is such a method

practicable. A cistern is sometimes used in conjunction with a

more complete water supply, the water from which is held in re-

serve for special purposes.

A never failingsupply is what must be secured else the result might

prove disastrous. Out in the country, away from a regular water

supply furnished by a company or municipality, a drilled or a driven

well or a never failing spring or creek with a windmill or some other

motive power whereby the water could be lifted to a raised tank or

to a point on higher ground should be secured. The higher the tank

or whatever the storage method may be the better, if the expense

is not too great, because a greater pressure to aid in distributing the

water is thereby secured; and a heavy water pressure is advantage-

ous in the hands of a careful person watering the plants, because

it aids in getting the watering done more quickly when haste is

not a detriment. In the hands of a careless operator a high pres-

sure is sometimes a disadvantage, because more water is likely to be

given oftentimes to the plants than is good for them when said plants

cannot use same to advantage, as during dark, cloudy or rainy

weather or in a low temperature. A careful man will, however, regu-

late the water supply at the spigot by turning same on only half or

even less as the necessity of occasion requires. A strong pressure

is a boon in any greenhouse on a bright, warm day, when the water

may be given freely, both at root and on branch, and many insects

which are among the banes of plant life under glass are kept in check

by the judicious use of a powerful force of water; this applies es-

pecially to what is known as the red spider, which will be treated

under the head of insects, later.

A windmill was referred to as a good pov.er to bring into use to lift

the water to an elevation, but when this is used the storage capacity

should be large enough for at least a two weeks' supply, though a tw^o

weeks' supplj'^ is ver}' indefinite. As a guide, for a greenhouse 100

feet by 20 feet, 500 gallons a day on the average should be ample.

It is surprising how much water our plants seem to need when the

wind does not blow. In the months of August and September, we
have very often noticed the wind is frequently not found working

quite so faithfully as we would like it to do.

Other motive powers for pumping water besides wind, are steam
and the various hot air engines, but the best water supply of all is,

when obtainable, through some public works, as a municipality, bor-

ough, township, or by a private company.

The vast importance of the water s-upply will be realized when it

has to be carried some distance on a bright, hot day. Personally, I
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have carried water from a little brook, a pailful in eacli hand, fifty

feel from the nearest point to the entrance to the first of four green-

houses one hundred feet long. This process of watering appears

tedious and very hard work now in the light of our present up-to-date

hose in hand operations. At another place I have dipped water out

of a cistern until same was empty, when we had to carry it from a

pond two hundred feet away, and in hot, dry weather as soon as we

had finished watering the plants at one end of the greenhouses we

had to begin and go all over them again, so much water did the large

plants need. It is frequently necessary in hot,dry summer weather

to water plants twice a day.

In some large establishments arrangements are made whereby the

water is heated in the winter-time, to a temperature of 65 to 70 de-

grees, but when pumped direct from a well where the water is 56 de-

grees there is no necessity for the water to be heated. And the ad-

visability of heating water before using on the plants has frequently

been questioned, because the atmosphere in the greenhouse should

be at least 70 degrees before watering over the leaves of the plants

is undertaken, and under those conditions the water would be in a

very few minutes the same temperature as the atmosphere.

DRAINAGE.

After the water question has been disposed of, drainage next sug-

gests Itself, and it is equally as important in greenhouse opera-

tions as it is upon the farm.

When solid beds are used in which to plant, or on a table or in a

flower pot, it matters not which, we must feel reasonably certain

that the drainage is ample. There is more necessity to look into

this matter with some soils than there is in others; for instance, a

clay soil will require more care in that respect than will that hav-

ing a more porous character.

Some florists think they are gaining an advantage by using drain-

tiles so close together beneath the beds as to touch each other. The
manner in which this particular plan is carried out is as follows:

First, the inside of the greenhouse in which this style of a drained

bed is to be built must be carefully graded, not necessarily perfectly

level, but on a uniform grade. The walks or alley-ways should be

laid out at convenient intervals, and after the bed has been thor-

oughly firmed to avoid as far as possible the liability to settling, the

drain-tiles are arranged across the bed, the open ends of the tiles

to present a straight line and to remain open at the outer edge of

what will be the bed proper and define the line of the walk.
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When sole-tiles are used it is deemed advisable to place same with

the sole side or bottom upward, which will thus present a better sur-

face for shoveling, because more level, when the old soil is removed

preparatory to bringing in fresh soil and new plants. When it is

decided that the tiles are to be arranged with the soles upward, it

will be found necessary, after the base of the bed has been made
thoroughly firm, to scatter sand thereon or the finer particles of

screened ashes or similar loose material in which to place the tiles

to hold them in position until the job is completed.

A wall is then built six, eight or ten inches high, the base resting

upon the ends of the drain tiles, said tiles to remain open as before

advised; in this way complete drainage is not only secured, but what

is believed to be of equal importance, the free passage of air through

the drain-tiles will counteract the possibility of sourness in the soil,

thus going a long way toward insuring the well doing of the plants.

The wall may be either of bricks, single, thick or concrete. Many
retaining walls for solid beds are now being built with the last named
material, which may be composed of coal ashes, gravel, sand and

cement in proper proportions. Coal ashes are generally quite plenti-

ful about a tlorist's establishment after he has started a short time,

and I know of no better use to put them to than by building just

such walls as above referred to, and as there are likelv to be more of

them in use in the future than there has been in the past, a few hints

as to their construction will not be out of place at this time. Here is

what the writer prepared for the columns of the American Florist

a few years ago:

"It is ten or twelve years since I first commenced to experiment in

making walls with concrete. My first elJorts were made with iron

ore sand (refuse from the iron mines) and cement, but this became

rather too expensive, on account of the long and heavy haul in addi-

tion to the first cost of the material. Sand of all kinds in this part

of the country is scarce. In 1892 it occurred to me that if we could

use coal ashes as a base for this purpose how much cheaper and con-

venient it would be. (Our brethren in the natural gas belt may or

may not appreciate that statement.) I made known my thoughts to

a friend, in the profession, in whose judgment I had explicit faith,

and he said ''It won't do, my boy, the acid in the ashes will destroy

the effectiveness of the cement." This certainly was a stunner, and

I cannot now recall how I overcame the effects of it and ventured to

make the experiment with the tabooed material, but I summoned up

sufficient courage to do so, and we now have six of our greenhouses

fitted up with w^alls of this kind, and they are apparently all right

up to the present writing.

''We have never used any other but ashes from hard coal—an-

thracite—but believe the ashes from soft or bituminous coal could be
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used with almost if not quite as satisfactory results. The greatest

trouble we hud is in preparing the boards into which the materials,

when properly mixed and ready for use, are deposited in order to

make the wall. If we would have a straight and mechanical looking

job when corupieted, the boards must be braced thoroughly by driv-

ing in stout stakes alongside at frequent intervals and then nailing

together temporarily though securely at the top to keep them

from spreading, which they surely will do when the wet and heavy

concrete is shoveled inside the casings. There would be much saving

of labor if two-inch or three-inch planks were used instead of inch-

thick boards to form the frame work into which the material is

dumped, because they would remain in position better and with fewer

stakes.

"Not until all the moulds, as we may term them, in which the

walls are to be cast are ready should the concrete be mixed, and then

only such a quantity as can be used in half an hour. When, as above

indicated, everything is quite ready to begin operations, we have a

board or rather a number of boards nailed together, eight or ten feet

square, with the joints as tight as it is possible to make them, or

some of the cement will wash through with the water, then we pro-

ceed to mix the ashes and cement together, taking six or seven parts

of the former to one of the latter, of which we find the better brands

of Portland cement the most economical. These materials should

be thoroughly mixed by turning three or four times, and should be

done while they are quite dry, before any water is applied at all, after

which water may be brought into use, and when every particle is

thoroughly moist without being too wet it is ready to be applied to

where the walls are to be built, and with reasonable activity, em-

ploying as many men as can be used to advantage without being

in each other's way; this part of the operation is a short one.

''The concrete should be pounded with a rammer gently though

sufficiently until it has filled all the spaces completely, and topped

off evenly to the level of the boards or planks. When as much of

this part of the operation has been done nearing the end of the day or

job, cement and sand should be thoroughly mixed, one part of the

former to two of the latter, and mixed dry as before recommended

for the ashes and cement, and also watered in the same way; this

must be used to put the finishing touch to what will be the top of

the wall, and with one man with a shoveJ to drop it at intervals along

the top of the wall and another with a bricklayer's or plasterer's

trowel—the latter being the most handy—a smooth face is attained

that will be one of the most important and esseotial parts of the

whole operation, for it is this which keeps the wall that is made of

ashes and cement from crumbling; it certainly would crumble if the

sand and cement were not applied, and at a time before the wall
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proper has had time to dry too much. A mechanical and smooth job

may be made of the top of the wall if the operator will have a white-

wash brush aud a bucket of water convenient so as to apply it occa-

sionally when the smoothing process is going on by the man with the

rowel; a little water and the trowel following until a smooth sur-

face is the result. If the ''topping"' part of the work just referred

to is not done promptly, much time is lost in the completion of the

job.

''After a few days—according to the weather and the time it takes

to dry—the boards on the sides may be removed, and this, of course,

must be done carefully; and these sides should receive a coat of

cement in which sand has been mixed, in the same proportions as

recommended for the top of the wall. Owing to the coarseness of

the ashes used here, it is found when the boards are removed that

although a more or less uniform or straight surface is presented,

enough interstices will remain to give the sanded cement a good

hold on the wall when plastered and, when thoroughly dry, the

wall will be found as strong as though having been built of bricks,

and at very much less cost.

"As to the cost of the materials, that depends upon what part of

the country those who desire to build walls for solid beds in green-

houses are living in. In the natural gas region, ashes, which are so

plentiful in other parts of the country, are at such a premium that

they are quite out of the question in this connection, but in those sec-

tions probably, or at least possibly, sand or gravel or broken stone

may be had for the hauling or at such a trifling cost that the same

results may be obtained as low or at so little or no more cost that

the difference is hardly worth considering; besides, it goes without

saying that a wall made from sharp sand or gravel or broken stone,

with cement in correct proportions is very much more substantial

than can possibly be made with refuse ashes, though I must say that

I have yet to find that a break has occurred in the walls built as

per above method, excepting when some accident happened that no

wall could possibly resist.

''I have one house fitted up with this class of wall on which a

a table is built so as to get an idea if possible on which plan roses

bloom the best, but so far I am not able to decide. There are so many
contingencies arising in the growing of cut flowers during a whole

winter season that it is v?ry difficult to decide w^hich is the better

plan. One thing we are sure about and that is, a solid bed is easier

lo empty and easier to fill than is a table, and no time is lost as in

the repairing of the tables. Other matters which must be taken into

consideration, whether solid beds or tables are the better, is the

nature of the soil in which the plants are to be grown, and above all,

thorough and proper drainage must be secured; if not naturally, then

it must be made artificiallv."
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In the building of tables or stages upon which to grow roses, car-

nations or other plants, the boards used for forming the bottom of

said tables are usually six inches wide and are placed from a half-

inch to three-quarters of an inch apart, and over the bottom of the

stable coarse manure, straw or material of like character is spread

to keep the soil from trickling through and also to aid in securing

the necessary drainage. Drainage in pots, ''crocking," is provided

for by placing broken pots, oyster shells or coarse coal ashes at the

bottom. Any pot smaller than that known as a two and a half inch

pot is rarely or never ''crocked."

To go back to the drainage of the solid beds again. Some soils are

so well drained naturally that there is no necessity of going to the

trouble or expense of furnishing any other form of drainage. Gen-

erally speaking, however, it is believed to be safer to furnish some

sort of drainage. Drain-tiles are sometimes laid in the length of the

bed, and the deeper they are laid in the earth the larger the area

which a given line of pipe will drain. Some florists lay two lines

of tile the length of the house in each bed, only as deep as the natural

grade would be, and these ends are left open and project through

and flush with the outer edge of the retaining walls, as much to

aerate the soil as to drain same from surplus water. Coarse real

ashes, broken bricks, stones or similar rough material is frequently

used at the bottom of bed for the same purpose.

Sub-irrigation is being experimented with to some extent, but so

far a cheap method of constructing a bed where sub-irrigation could

be practiced to advantage has not yet been adopted to any extent.

Tt promises well, I am inclined to think, but just the right plan of

operation has not so far been hit upon.

ASPECT.

There is some difference of opinion as to the proper aspect of a

greenhouse to be used exclusively for the production of cut flowers

in winter, the consensus of opinion favoring a position a few

points east of south. This aspect favors the early morning sun

getting in his good work, which is considered the most life-giving,

consequently of the greatest value and best not for plants alone

but all animatpd nature.

When a greenhouse is built in which to grow Palms, Ferns and
Smilax and other classes of plants which are grown for their foliage

alone, it makes little or no difference which aspect the greenhouse

occupies. Palms assume a deeper green and develop equally as sat-

isfactorily if they are not given too much sun at any stage of their

existence. In Belguim, where many Palms and other foliage plants

50—6—1902
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are grown for the London, Paris, Berlin, Vienna and St. Petersburg

markets, boards are largely used in conjunction with glass in the

construction of roofs of greenhouses in that country. By the use of

boards there is a great saving, not only in the construction of a

greeohouse, but in the heating of same in the winter season.

A greenhouse with a roof built of boards, or partly so, will retain

the heat much longer than will one covered wholly with glass, and

the desired temperature can be maintained at much less cost

for fuel. We are assured by those who have seen the Palms grow-

ing under conditions as above stated, that no plants could be more
luxuriant or healthy. At the price glass was selling in September

(1901), namely -17.28 per box of fifty square feet, a great saving could

be effected in this country by the method referred to. Glass fluc-

tuated very much last year; for instance, in September, |7.28 was the

price per box of fifty square feet, whereas, in November, the same
quality of glass could be bought for |4.55, and twenty years ago $2.00

per box was about the price.

It will be understood that what is said here is merely sugges-

tive, that much latitude is allowed in the selection of a site for a

greenhouse establishment, according to what is to be grown
and the available ground to be used; and also in the selection

of the material to be used in the building, many believing that as

much iron or steel as possible should be used so as to have them as

nearly indestructible as such structures can possibly be made.

HEATING.

After the water supply has been determined upon and the ques-

tion of drainage and aspect duly considered, another serious matter

to occupy the attention of those desiring to go into the greenhouse

business, is the different methods of heating, because, generally

speaking, quite early in the operation a hole in the ground has to be

dug, known by the old-school gardener as a "stoke-hole." Though
some of the very largest and up-to-date commercial concerns, where

steam is used as the heating medium, do not advocate digging a hole

in the ground at all, but by placing the boiler or boilers at the low-

est point naturally, according to the lay of the land, and by em-

ploying a small, though a separate and independent steam-boiler,

which is so constructed as to work automatically and thus pump
the condensed water back to the boiler. In a small way, however,

Miat plan of operation would seem to be out of the question, the

water returning by gravitation being the most practical.

Generally speaking for small establishments, it is better to dig a

hole, whether the heating be done by steam, hot water, or the old-
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fashioned Hue, for a better draft is thereby secured, which is a very

necessary accessory in the lieeping up a good fire to heat to the de-

sired temperature; and, besides, a cellar is a great convenience in

which to store, when possible, the a\ inter's supply of coal.

There are several methods of heating, but three only need be con-

sidered at this time. What is known as the old flue system, which

is practically a furnace with the chimney running nearly horizont-

ally with a gentle rise to the further end and the whole length of

the greenhouse and sometimes back again, the heat being given off

in transit, and thereby warming the house. This was the first

method of warming greenhouses, and when only one greenhouse

to be taken care of this is certainly the cheapest plan of all; and

where a variety of plants, coming from the different quarters of the

globe, are to be grown this plan offers more variations of tempera-

ture to suit same in a given length of house than any other, that is to

say, without special preparations are made with hot water or steam

with that end in view. We, however, do not recommend the flue

system for heating greenhouses, as it has some grave disadvantages,

the principal one of which is the liability of deleterious gases es-

caping from the flue into the greenhouse, and plant-life suffers in

consequence, so much so that crops have been known to be total

failures bj the damage done to the leaves and flowers.

Hot water as a heating medium is perhaps the very best method
of heating a greenhouse establishment in a small way that can be

devised when the structures occupy not over 25,000 square feet to

heat, because requiring less frequent attention than does steam.

The main advantage of hot water over steam is. that there is not the

same necessity of having a fireman up all night to attend to the fires

as when hot water is used, because so long as there is a handful of

fire in the furnace there is sure to be some heat in the water; w^here-

as, when steam is used, just so soon as the fire is not hot enough to

make steam, then the pipes immediately become cold and on a freez-

ing night damage is likely to result, either by the frost entering the

greenhouses and killing the plants outright, or by so chilling them
that many weeks might elapse before they fully recovered.

When, however, a greenhouse establishment has twenty-five thou-

sand feet or over, it is better to use steam and employ a night fire-

man, and the right kind of a manwho is willing to do other work dur-

ing the night, especially in mild weather, can find lots of little jobs,

such as washing flower pots, putting in cuttings, and sometimes

even potting could be done. Great assistance can be rendered by
the nightman in the early morning by assisting to cut and pack the

flowers for market, which in establishments of any pretensions, are

shipped at least once and frequently oftener, every working day in

the year and sometimes on Sundays. Flowers, being perishable, the

quicker they are disposed of the better.
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The Digbt fireman must watch the temperature closely. Mauy es-

tablishments are fitted up with electric thermostats to warn the pro-

prietor or the manager or foreman whec the temperature is too

low or too high; this fact keeps many firemen on the alert when
they would otherwise be indifferent and become careless. Self-reg-

istering maximum and minimum thermometers are sometimes used

for the same purpose securely locked in a case so that they cannot

be tampered with. There are several details to be attended to

personally by the fireman besides shoveling 0*1 coal and keeping up

steam. A pipe has to be **shut off'" at this house, or a ''crack of

air" admitted through the medium of the ventilating apparatus,

or an additional pipe "turned on" in another house in order to keep

the atmosphere at the desired temperature. As before referred to,

there is an automatic ventilating apparatus in use which is giving

general satisfaction.

As to the fuel, whether it is best to use anthracite or bituminous

coal, crude oil or natural gas must be determined by individuals for

themselves. Natural gas, when same may be depended upon in un-

limited supply, would be my owm individual preference. No shovel-

ing on coal, no cleaning of the fires, no ashes to take out. What a

boon!

In and near to Philadelphia there is quite a lot of what is called

"buckwheat" anthracite or hard coal used. This buckwheat coal,

how^ever, is only used where steam is the heating medium. Some
others within the city limits use coke, a by-product in the manufacture

of illuminating gas, while still others are using bituminous or soft

coal; the latter has its decided disadvantages on account of the dense

smoke and the resultant ''blacks," entering the greenhouses through

the ventilators which are very damaging to all classes of flowers, es-

pecially the whites and other delicate tints, and by falling upon the

glass more or less shade is produced, something to be avoided in the

growing of flowers in the winter season when every ray of sunlight

should be allowed to come through the glass unobstructed.

When a battery of boilers is arranged conveniently in a central

position or as nearly so as possible, and the greenhouses radiate

therefrom, one man can attend to a much larger place and better

than he otherwise could. With all essential conveniences for a night

man, he can attend to 75,000 square feet of glass in ordinary weather,

but when severely cold, an extra man would have to be brought in to

assist. When it is impracticable to put in an automatic ventilating

apparatus, and the place is large enough to warrant the expense of

an additional man to look after the temperature of the houses, then

the fireman may remain at the boilers all the time and have nothing

to do or think about except to keep up the neceesary steam pres-

sure to assure a complete circulation of heat to the remotest corner of

the establishment.



No 6. DEPARTMENT OE' AGRICULTURE. 7S9

As a rule, with the requisite amount of executive ability centered

in the guiding head, the larger the establishment the easier it is

managed and naturally the more profits result.

We hear of an automatic stoker—a machine to coal the fire

when needed. I have not seen it in operation, but there is no doubt

about its being successfully done in a few large establishments.

With such a machine and ao automatic ventilating apparatus,

two of the most important matters are provided for. All that would

be necessary in such a place with those contrivances would be

a night watchman, with the day men located conveniently to be

on call in case of accident during the night, because in many large

establishments there are thousands of dollars worth at the mercy of

the elements in case of a breakdown in the heating apparatus or the

breaking of glass.

The very best, because offering the least trouble and expense after

the first cost, that I have heard of is in an establishment located at

Helena, Montana, which is incorporated under the name of "State

Nursery Company," the greenhouse department of which is heated by
natural hot water. The hot water is conducted through the green-

houses in pipes, as is done when a boiler is used, excepting that no

provisions are made for the water to return, it flows on after it has

done its duty, apparently going to waste. The springs from which
the water is taken are about half a mile away from the gi'eenhouses,

and the w^ater is conducted in a wooden pipe under ground and has a
fall of one hundred feet, which registers about thirty pounds pres-

sure. The temperature of the water is 130 degrees when it reaches

the greenhouses so that it takes more lineal feet of pipes to insure

the atmosphere in the greenhouses being raised to the desired tem-

perature than it does when the heating is done by the ordinary

methods of steam or hot water as practiced in Pennsylvania. This

item of information is introduced here incidentally to indicate the

advantages that some florists have over others, especially out in far

away Montana when the question of heating is under consideration.

DISEASES.

Mildew—so called probably on account of the mealy-like substance

which is spread over the leaves of the plants affected—is the most
common disease which affects roses and yet one of the easiest con-

trolled. The very best way is to use preventives, which is done by
using flower of sulphur mixed with about its equal in bulk with air-
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slacked lime, which is distributed with bellows made lor the purpose

into the atmosphere of the greenhouse to be operated upon. This ef-

fective mixture above described has been in use for some time, and

its beneficial results were found out by accident. Florists and others

who use sulphur in large quantities buy it by the barrel. Durinu a

rainy sjjell, which, by the way, is a good time to keep the mildew-

killer active, the sulphur works sluggishly, on account, I presume, of

its possible alJinity for moisture; so in order to make it distribute

more freely, some air-slacked lime, passed through a fine sieve,

was added in about equal its bulk to the sulphur. This was found to

be equally as effective as sulphur alone and more economical.

Many a careless hand wastes much of this material. The best way
toapply it because the most effective and economical way, is to use the

bellows referred to, fill same with the mixture and with the outlet

pointing upwards and the operator working the bellows and walking

backwards, the atmosphere of the structure will become well tilled

with this mildew antidote, and in settling ,w^hich it will do gradually,

it does so quite Evenly and not unsightly as it is likely to do if the

spout of the bellows is allowed to point downwards and the ma-

terial irregularly distributed as is too often done. Another preven

tive for mildew, is to mix sulphur with linseed-oil to the consistency

of a paste and apply with a brush to the heating pipes. The fumes

of the sulphur are by this method believed to kill the fungous germs

which are always more or less present in the atmosphere, awaiting

favorable conditions to develop.

^'Black spot," actinonema rosae, among diseases is the worst

enemy the rose has to contend with, and this applies to those grown

both indoors and outdoors, especially among that class of roses

known as the "Hybrid Tea," which has for its parentage the Hybrid

Remontant, or June rose, on the one side and the Tea-scented rose

—a native of China—on the other. The Tea rose gets its title from

a peculiar tea-like fragrance and not because it resembles tea in

any other way. The LaFrauce and Meteor, and possibly the cele-

brated American Beauty, belong to the Hybrid Tea class.

The American Beauty appears to be the most susceptible of all

roses grown under glass to black spot, and when a bad case develops

it is very, very hard to get rid of. Bordeaux mixture, the same as

recommended for fruit trees, is said to cure it, also copperdine; but

1 must confess that I have never yet found much if any benefit from

the use of either. Potassium sulphide is also recommended. Any
of the above might be used systematically as a prevention, and doubt-

less with more or less gratifying results.

It has been found, in practice, that no matter how badly affected a

rose may be wuth "spot," at the end of the cut flower season, say the

latter end of June or early in July, if all the branches are cut close
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from the plants about six inches to three inches from the base of the

pJaut, these same plants, when they start to make a new growth, will

grow without the slightest sign of black spot, and it is not until the

month of tSeptember, when the growth made is from three or tour feet

high and densely clothed with leaves, that signs of this dread disease

reappears; and then the cause is no doubt on account of some indif-

ferent treatment given the rose, or some climatic conditions favoring

the development of the fungus that science has not yet been able

to detect in time to ellectively stop, and it is found that the more

luxuriant are the plants in the autumn months the more liable are

they to this disease.

The plan followed and the safest, is to pick off and destroy by fire

every affected leaf as soon as seen. If the plants can be safely

carried through the late summer and early fall months without

showing signs of black-spot, the danger is not so great, es-

pecially after the heating in the rose-houses has commenced,

for little or no trouble will be experienced with it during the winter

until firing is stopped in the spring, when it is again liable to appear

at any time. And when it does make its appearance at the season of

the year indicated, it spreads with great rapidity, being very difficult

at that season of the year to combat. It is believed that the dew or

any form of moisture upon the leaves and in the atmosphere favor

(he propagation and development of these disease germs, and as

water must be directly applied vigorously to the underside of the

leaf where that troublesome plant pest, the insect-mite known as red

spider, takes refuge for self-protection, and as the water remedy rec-

ommended which is the only known method to dislodge him adds

greatly to the moisture produced, it is readily realized how difficult

it is to give water sufficient for all the needs of the plants and yet not

enough to encourage the black spot scourge.

There are other diseases to which the rose is subject, but mildew

and black spot are the most prevalent and those which give the most

trouble and anxiety.

Carnations when grown under glass are liable to have quite a

number of diseases. The one about which so much was said and

which caused so much anxiety some ten years or so ago, was

the so-called Bust ( Uromyces cari/ophyUinas)^ but it does not possess

the same terrors as it did at that time. In appearance it resembles

smut in grain, the difference being that the black or dark brown dust-

like material appears on the upper surface of the leaf and looks as

though it were a bursted blister.

One which has caused, and ie causing some anxiety to-day, is what

was at one time known as Bacteriosis^ now known under the scientific

name of Stlgmonose^ and is the result of punctures by insects which

are liable to infest Carnations. The insects responsible for this

"puncture disease," are the most common of all plant-lice, namely,
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the green fly, or aphides, and to a lesser extent, thrips and red spider.

The punctures made by these insects make it possible for the disease

under consideration to develop. It goes without saying that to avoid

the SStigmonose is to keep the plants free from insects. And the

rust, strange as it may appe'ar, is entirely gotten rid of by growing
the plants under glass both winter and summer.
The present day carnations are a development from the hardy

Dianthus Caroyphyllus of Europe, and some of the closely related

varieties to-day will live out all winter in some parts of America
when grown in a favored location. That the rust on carnation plants

could be gotten rid of in America by growing same under glass, which

is a hotter and dryer climate than is that of Europe, does seem diffi-

cult to realize, yet such has proven to be the case. It is the result

of what is termed an "accidental discovery." The writer hereof,

before the American Carnation Society at its convention held in

lioston a few years ago, along the lines under consideration, said:

"Having a seedling carnation that was good enough to send out as

a novelty the following spring, and in order to get up as large a stock

as possible I kept on rooting the cuttings until quite late in the

spring or early summer. It was so late, in fact, and the weather so

dry that those plants remained in thumb pots all summer under glass

instead of being planted outdoors. After the general collection of

carnations had been lifted in the fall, this particular seedling showed
unmistakable evidences of being affected with the much dreaded

rust. As soon as possible all the affected leaves were picked off and
distroyed; but when the job was completed the plants appeared to

be planted too far apart, so much foilage had been removed, and in

order to fill up the spaces we made use of the small plants which were

rooted late and had remained in thumb pots under glass all summer.
They were planted between the rows or lines of the affected plants,

and, strange as it may appear, the unaffected little plants on each

side of those were never affected by the rust during the whole sea-

son, while the older plants never recovered from the effects of the dis-

ease. At that time the rust had not created quite such a profound

impression upon growers as it did later. This point is introduced

in order to show how it came that I decided to irj the Buttercup Car-

nation under glass all summer. I reasoned in this way, that if one

disease could be combated by this treatment, why could not other

diseases be combated by the same treatment, and I am pleased to be

able to say that the results have been eminently satisfactory. And
further, I believe that we will find that some of the choice varieties,

if we wish to get the very best results from them, will have to be

grown under glass all summer."

Since that time a modification of the cultivation of carnations has

taken place. Instead of leaving the plants growing out of doors, as

in the old way, to the end of September or sometimes even as late as
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immediately before damaging frost is expected, which varies accord-

ing to Jocation (in the vicinity of Philadelphia, however, it is about

the middle of October, and some seasons it is a few days earlier and
some a few days later than the lime mentioned), now, in these days

the hrst week in August is considered by a number of the most suc-

cessful Carnation specialists to be the best time, and the date named
for lifting is about the season when Carnations begin to make their

njost rapid and vigorous growth outdoors when the nights become
cooler with more moisture in the atmosphere from the dews and fall

rains. The wisdom of the course now pursued is very readily un-

derstood when we consider the greater length of time the plants are

growing outdoors, the larger and more succulent they naturally be-

come and the more violent the shock from the breaking of the roots

when they were lifted, the only wonder now is that such a more
rational method of treatment had not been practiced earlier. The

plants not being so gross in growth at the earlier date, they are not

injured nearly so much in the transplanting, consequently are not

so susceptible to any of the diseases to which Carnations are liable;

especially is this the case when the plants are in a weakened condi-

tion from the effects of the greater disturbance of the roots when
transplanting under the older practice.

The various fungicides are no doubt excellent as preventives, and
should be systematically used for that purpose, but when disease

does show itself the affected parts should be immediately removed
and destroyed by fire.

Stem Rot, which its name implies*, is the plant rotting off just

above the ground line. There is no positive remedy for this disease.

To-day a plant affected with this disease may to all outward appear-

ances be enjoying the best of health, and to-morrow it will be with-

ered and dead. This malady among Carnations, according to Pro-

fessor Albert F. Woods, Chief of the Division of Vegetable Physi-

ology and Pathology of the United States Department of Agriculture,

at the meeting of the American Carnation Society, held at

Baltimore last year, stated that it is brought about through

two distinct kinds of fungi. One which is known scienti-

fically as Rhizoctonla^ or wet rot, develops most in acid soils, es-

pecially where there is much decaying organic matter. The Fusariiim

is the scientific name of the other, or dry rot, and is not so prevalent

as is the former among Carnations. Lime is found to be an excellent

preventive when used on the soil for the former. One grower secured

excellent results when he used between fifty and sixty bushels to the

acre to combat Stem Rot. The second, or dry-rot filngus, grows best

in a soil slightly alkaline. It is said to be closely related to the fungus

which is almost driving out the cotton industry in both North and

South Carolina. There are hundreds of acres of land where cotton

cannot be grown any more where said fungus is present. This fungus
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has beeu found to retain its vitality for five years. No fungicides

have been found strong enough to entirely rid the soil of its presence,

as there is always enough left in the soil to start the disease on the

next cotton crop. For greenhouse purposes the soil may be sterilized

with steam at 130 to 14U pounds pressure when every germ of all

fungi would be killed, and weed-seeds also, which would be a de-

cided advantage. Some growers have thought that there is a pos-

sibility of the soil losing some of its fertility when sterilized, but the

Professor stated that in some experiments with sterilizing soil for

Violets no injury at all w'as apparent, instead the Violet plants grew
entirely too rapidly. It is of course, for greenhouse purposes, that

the sterilizing of soil is at all practicable. Some of our expert rose

growers make a practice of systematically sterilizing all the soil used

in their rose-growing operations, and they are prepared to prove that

it pays to do so. Some soils, it is believed, contain more nematodes,

or eel worms, than do others, and it is for the purpose of killing

this troublesome little microscopic fellow in the soil that sterilizing

is practiced for roses.

A disease called "Black Rust," but entirely distinct from that af-

fecting Carnations, alTects some greenhouse plants. Heliotrope and
Verbenas, especially. The leaves affected show dark blotches, which

in bad cases causes the leaves to become more or less crippled. Black

Rust is believed to be caused by one of the mite-insects, which re-

•luire a strong microscope to detect. There is hardly any cure for

this disease when in an advanced stage, and it is better to destroy

the plants so affected entirely and start anew with clean, healthy

stock. Stunted, half starved plants are the first, and generally the

only ones, to take this disease, so that to avoid it, generous treat-

ment is the one greaj: thing needful to keep the plants healthy.

There are other diseases affecting plants, but those mentioned are

the most troublesome, and in order to be sure that everything is be-

ing done that can be to avoid diseases in plants, cleanliness in

every department in the greenhouse must be the watchword, and

ought to be rigidly enforced; and it must be here emphasized that the

various fungicides should only be depended upon as preventives,

and not cures.

INSECTS.

The insect w'hich bothers plant-life in greenhouses most, or in the

greatest number, and at the same time the easiest to get rid of,

is the ^'green fly," or plant-louse, one of the numerous species of aphis

which has the power of reproduction to an extraordinary degree

—

too prolific almost to be fully realized.



No. 6. DEPARTMENT OF AGRICULTURE. 796

The most common plan in practice towards destroying them is by

fumigation, which meaias, in this case, to burn tobacco stems, which

may be obtained in bales from the seed stores which keep same io

stock for the convenience of customers.

The process of burning is as follows: A small bunch of dry paper or

shavings, with a few dry stems to give the same a start, is placed at

the bottom of a can made for the purpose, with a perforated base to

cause the requisite draft, then the stems, with which the can is filled,

and which are expected to do the eflective plant-lice killing, before the

light is applied, should be a triiie dampened; by this means flaming

is avoided, which should never be allowed, as the hot flame with the

deleterious gases generated under those conditions are likely to do

serious injury to many tender plants which may be within the struc-

ture operated upon, as Heliotrope, Mignonette, and some other

plants. When the tobacco stems are not too damp to burn, yet too

damp to flame, they are just in the proper condition to produce the

smoke—the nicotine fumes—which suffocates our plant-enemy, the

green fly.

Tobacco dust, when not too fine, may be used also for fumigating

purposes, and is put into operation by placing the material upon

plain paper in a perfectly dry spot on the floor of the greenhouse, and

with a few drops of petroleum ("coal-oil") at one end of the pile of

tobacco dust, then with a lighted match, touch the spot whereon are

the drops of oil, when it may then be allowed to burn until entirely

consumed, as no harm to the plants will result.

Paper steeped in a solution of saltpetre (potassium nitrate) and

dried is also used upon which to place tobacco dust and burn. In

this case no petroleum oil is needed; by touching the prepared paper

with a light the combustion of both tobacco and paper is complete,

and without flame.

There is also what is known as Aphis Punk on the market, a pe-

culiarly prepared paper, which is hung on wire in convenient places

in the greenhouse, and when lighted, is allowed to burn. This must
not be allowed to flame either, or similar damage before referred to

is likely to result.

There are also a variety of liquids much in use nowadays, where

nicotine or the extract of tobacco forms the base and principal part

of this class of insecticides. Sometimes these liquids when reduced

to the proper degree of solution are applied directly to the plants

troubled with insects, by spraying. Another plan frequently in use

is when the liquid is placed in some convenient vessel and hot irons

are dropped therein, filling the atmosphere full of the insect death

dealing vapor. Some of the more advanced florists are using an

evaporating pan which is attached to the heaticg pipes; the liquid

is placed in the pans and in due course is evaporated into the at-
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uiosphere. When these have been used, no other means of green fly

extermination is thought of, so thoroughly practical have they proven

to be.

A spirit lamp is also used, attached to the bottom of a small vessel

containing a highly concentrated insecticide, and when the lamp

is burning the liquid is vaporizing, and in this and other methods

of vaporizing, doing away with the clumsy methods of burning the

tobacco stems. The vaporizing of the different liquids is a step in

the right direction, being equally as effective and far less trouble-

some aud more agreeable for the operator than the old way.

In regard to the pans attached to the one and a quarter inch

steam pipes, it has been demonstrated that when in use in the palm

houses, and the pans have been filled with a tobacco extract regularly

every night, neither mealy bugs nor scale insects will find a resting

place or will be in any way troublesome. This applies principally

when the young Palms are raised from seed at an establishment,

which is equipped with the evaporating pans and none of the insects

mentioned are brought there from a distance with other plants.

Koses and Carnations under glass are rarely or never bothered

with either scale insects or mealy bugs, but Palms and Ferns are, and

when once these pests obtain a foothold they are hard indeed to get

rid of. Tobacco water sprayed on the Palms and Ferns twice each

week systematically and intelligently applied, will rid the plants

of said insects entirely. Many florists and gardeners, when thej

find their efforts are not rewarded sufficiently after the first few appli-

cations by a complete extermination, become impatient and disheart-

ened and abandon the good work; when so easily discouraged all the

work done up to that time will have gone for naught and the time and

material will be as good as wasted.

iSometimes when an attack of either of the two insects mentioned

develops, or in fact any insect, it is often best to secure a soft piece of

sponge and with soapy, warm or hot water—but it must not be hotter

than 125 degrees or there is a liability of the leaves becoming

damaged—the insects are "sponged" carefully off the leaves. Hot

water up to the point above mentioned has been found to kill many
insects, and that may be considered the cheapest insecticide ob-

tainable.

Red spider {Tetrarvjchus telarias) among insects, is the most per-

sistent foe, and the hardest to conquer, when once well established,

the greenhouse man has to fight, so that he must exercise the great-

est care w^hen introducing new varieties into his collection, to see

that they are entirely free from all insect life before being brought

into contact with his own collection. If that method is generally

followed it will go a long way towards banishing injurious insects

from our greenhouses.
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Because it has been observed that the little mite of an insect,

known to gardeners and florists and all those who grow plants and

flowers under glass as the "red spider," appears to increase and mul-

tiply more rapidly in the most dry and hottest part of the green-

house, the cooelusiou has been reached and the rash statement

made that moisture in the atmosphere will effectually banish him.

Nothing could be farther from the truth. When the only method

of heating greenhouses known was the flue system, which was

in vogue hundreds of years ago probably, and which, owing to its

primitive methods of distributing the heat, that end or part of the

greenhouse where the furnace was located was the hottest and dryest,

and that is where the spider flourished and was doing the most

damage; and because at the end farthest from the fire there were less

of the insects, the writers of those days were led to make the asser-

tion that a moisture-laden atmosphere was death to the Red Spider,

and many writers since have perpetuated the same old story. Much
that passes for scientific knowledge too often is not the result of

observation and investigation, but is merely compilation.

Professor Cranefield is a keen investigator, and the followiog re-

sults of his recent investigations are taken from the columns of

the American Florist:

"Is it necessary to maintain a moist atmosphere in the greenhouse

in order to keep down the red spider? Will not the sjjider thrive as

well in a moist air as in a drier air? According to the evidence of

experienced florists the spider is most destructive to Carnations

when the temperature of the houses is maintained at 50 degrees or

above at night and 70 degrees to To degrees in the daytime, whether

the air be moist or dry. When the houses are maintained at 38 de-

grees to 45 degrees at night and 10 degrees higher in the daytime the

spider is rarely troublesome, regardless of the moisture in the air.

Roses are affected more or less according to the temperature main-

tained, the higher the temperature the more abundant the spider, re-

gardless of the moisture in the air. Palm and Fern houses are

usually free from spider, not on account of the moisture in the air,

but because of the almost daily syringing the plants receive, thus de-

stroying the spider by force, and secondarily, of course, the fact that

these species of plants are less susceptible to attack by the spider.

•'During the protracted heat and drougth of the past summer in

southern Wisconsin many species of trees and flowering plants,

notably Plums and Asters, were severely injured, in some cases killed

outright .by the red spider. This condition was no doubt largely, if

not wholly, due to the lack of rain, the lack of the impact of rain

drops on the leaves and consequent drowning of the insects rather

than the lack of moisture in the air. Evidence in support of this
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theory was abimdant in gardens where the plants were frequently

and thoroughly syringed.

"Keferring again to greenhouse work, in former articles on this

subject, I Lave noted the experiments in the plant houses at the

Wisconsin Experiment Station, where live steam was allowed to es-

cape into tlie houses for periods ranging from eight to tweuty-four

hours, completely filling the houses and without causing any lujury

or apparent inconvenience to the red spiders.

''In order to obtain more evidence on the subject an experiment

was conducted last March in one of our plant houses as follows: A
closed frame, sides, roof and ends glass, was placed on a side bench

over steam pipes. In this frame was placed a variety of plants in

pots, including Clothilde Soupert roses, Coleus, Heliotrope, Tomato
and other plants. The plants had all been carefully syringed for sev-

eral days and were all apparently free from spider when placed in the

frame. The air was kept moist almost to the point of saturation for

several days with no bad results to the plants.

"At the end of a week red spider was introduced by dropping on

the plants several badly infested leaves from a rose plant growing

in another house. Kow, according to the commonly accepted opinion,

the excessive moisture in the aii' in this frame should have prevented

any increase of the spider. The actual results, however, were w'holly

different, the plants becoming quickly infested and at the end of

three weeks were wholly destroyed by countless millions of red

spiders. Both temperature and moisture were maintained at a high

point throughout the experiment, the glass sides of the frame and the

foliage of the plants being almost constantly moist.

"While these experiments do not furnish conclusive evidence that

red spider will thrive in a moist atmosphere there is in it 'food for

thought.' Is it not true that the spider is kept in check wholly

by the force used in syringing? Does any gain result from the

daily wetting down of walks, etc., practiced by greenhousemen?"

Sulphur in its different forms is believed to bother red spider more
than any other one thing. A combination insecticide, known as Sul-

pho-Tobacco Soap, which, as its title implies, is made of sulphur, to-

bacco extract and soap, I have found about the best and most effec-

tive in stopping the ravages of this little pest; but to do any good it

must be used nearly daily among plants when badly affected if we
would have it produce the desired effect and restore our plants to

health and vigor again.

A good force of water, say with at least thirty-five pounds pressure,

applied directly beneath the leaves where red spider finds its resting

and working place will be found to keep it from making much
headway. The great disadvantage we are laboring under, especially
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in the dark, dull days of winter, is that we dare not use water on

the foliage of roses too freely, else we run great risks of giving the

plants more waier than they need, especially on the leaves, and in

that way encourage diseases that are even worse if possible than is

the red spider.

SOIL.

Every tiller of the soil knows the importance of Mother Earth well

tilled no matter what the crop. Any good, loamy soil properly pre-

pared for a corn or any other farm crop, when the tiller is reason-

ably satisfied that it could not be improved upon, is all right to be

used for nearl^^ all plants grown in a greenhouse. If, however, the

desire is to go to a little more trouble, then a few loads of sod from

an old pasture should be secured and carefully piled up with some
rich cow manure and ground bone and wood ashes, the two latter

ingredients weight for weight in about equal proportions. The
cow manure will give all the elements of plant food, aod the

bone meal will give some ammonia and phosphoric acid, and the

wood-ashes some potash additional and some lime. Place the sod

grass side together and a layer of manure occasionally, about one

load of manure to five loads of sod or good loam will be in about the

right proportions, and an occasional sprinkling of the bone and

wood-ashes, about one hundred pounds of each to every five loads of

sod would make an excellent compost. If this pile is put up in the

fall, allow it to remain until the weather commences to get warm
in the spring, then turn the pile over, taking care to break up the

lumps and mix well the whole together.

Soil for plants to be grown in a greenhouse should not be handled

when it is wet, no more than it should for a farm crop. When pre-

paring soil for large operations, the plan is to manure heavily a

piece of old sod if possible with cow manure in the fall, and just ns

soon as the grass begins to grow, and before it grows too long so that

it will plow down nicely and cover easily, it should be plowed without

further delay, then a heavy roller should be passed over the soil

a few times to compress same; then use the drag harrow freely, in

this way most of the little holes will be filled and an almost level

surface obtained. Then a good guaranteed quality of bone should

be evenly distributed over the whole, and the ground harrowed



800 ANNFTAI- REPORT OF THE Off. Doc.

thorouglilj again a few times to mix the bone and upper surface of

the soil well together. That done, then apply about the same weight

of good, dry, unleached wood ashes in the same way. These should

also be well mixed by harrowing. The plot is kept continually

stirred by harrowing, especially wheti sufficiently dry after rain, and

the harrowing answers another purpose, that of keeping down the

weeds. This soil is frequently taken into the greecihouses in from

three weeks to a month after plowing, but never before three weeks,

because serious damage ensues when taken in sooner.

Crimson clover is being used to furnish humus and nitrogen in

some establishments with satisfactory results. Cow peas also are

being used to plow under for soil for greenhouse purposes. It is a

safe rule to go by, that a soil on a farm that will grow first-class

crops is a safe soil to use in greenhouses. Sometimes it is

deemed wise when the soil is of a heavy clay nature to add road or

bank sand to make the soil more porous. Coal ashes, when the rough

cinders have been screened out, are frequently used for the same

purpose, and with no bad effects.

For Ferns, soil from the woods, known among gardeners as leaf-

mold, is often used with excellent results. Muck from a low lying

meadow, after it has been piled up on higher ground where the

frost, sun and wind have a chance at it for several months to sweeten

same, is often used mixed with equal parts of clayey loam to ad-

vantage, though muck is not recommended for roses. Air-slacked

lime is also mixed with good results with this class of soil to correct

possible acidity before it is used for greenhouse plants.

PROPAGATING.

The most natural way to increase most plants is by seeds, and

numerous occupants of the greenhouse are increased in that way;

but there are other ways of multiplying the number of a given variety,

one of the commonest is by "cuttings" or "slips,'' and this perhaps is

the most fascinating part of a fascinating occupation. To take a

sprig of a plant and insert it io soil or sand and in three or four

weeks' time have tiny roots emitted from the base indicates suc-

cess and means an awakening of the senses to both young and
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old, and the sensation incidental to the first attempt in propagat-

ing plants in this way is more readily imagined than described.

''Grafting" to increase some varieties of plants is frequently re-

sorted to under glass, especially does this apply to roses. There

is in some soils with some varieties of roses a decided advantage

in using "grafted" plants, and among the stocks used giving the

most general satisfaction is one introduced into France and England

from Italy half a century or so ago, koown as the "Mauetti" stock.

The varieties of roses which show a marked improvement when
grafted are what is known as the "Mermet" family, which consists

of the Bride, a white sport from Mile. Catherine Mermet before re-

ferred to, and Bridesmaid, another sport from the same variety which

produces darker and brighter pink colored flowers than does the

variety from v»hich it sprung. Among the advantages claimed to be

gained by grafting by many growers of roses for cut tlowers in winter

is, that the plants produce more flowers and flowers of better quality

than they do on their own roots.

The varieties of roses referred to form roots very readily, as cut-

tings, when given the necessary care which consists of never allow-

ing the sand in w'hich the cuttings are inserted—which is generally

known as a propagating bed—to become dry, nor to allow the cut-

tings to wilt by allowing them to be exposed unnecessarily long to

the influence of the sun. Judicious shading of cuttings is at all times

recommended, and a movable and not a permanent shading is con-

sidered the better, for if a cutting is rooted under a dense shade,

the young plants, rooted under those conditions, are liable to have

their constitutions impaired. Consequently material to be used as

shading should only be placed over the cuttings when the sun's

influence becomes too strong. Newspaper is very frequently used

with which to break the fierce rays of the sun from the cuttings and

is as efl'ective as anything that can be used. If cuttings are once

allowed to become dry and wilt, the chances of their ever forming

roots is very remote indeed. On very warm days sprinkling the cut-

tings occasionally will be a great help towards keeping them fresh

and in a growing condition. In an atmos^jheric temperature

of not lower than 50 degrees and not higher than 58 degrees at night

and an under a bottom heat of ten degrees higher after the callous is

formed, and the general temperature kept down in daytime as nearly

10 f)5 degrees as possible, the cuttings should root in from twenty-

one to twenty-five days sometimes longer according to the con-

dition of the wood used from which the cutting is made, while some

varieties root in much less time than others.

Grafting is frequently resorted to where the subject does not form

roots readily, but that is not the case with the varieties of roses

51—6—1902
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under coDsideratiock, namely the white flowering Bride and the pink

Bridesmaid, for no roses root with greater certainty than they. The

great advantage the Manetti stock, before referred to, possesses for

grafting purposes, is its strong tendency to produce numerous and

vigorous roots, thus re-enforcing any variety-, upon which a success-

ful union—by graftiog—with it has been made, against the many
vicissitudes plant-life is heir to, whether said plants are growing out-

doors or under glass, more especially perhaps when growing under

the latter conditions.

A serious trouble wuth roses in some soils is the presence of the

BO-called eel worm, scientifically belonging to the nematode family.

These little worms in some way chew and feed upon the roots, caus-

ing what is known as "club root," thus interfering with tjie regular

functions of the roots, and in consequence the general health of the

plant is impaired. When grafted upon the stock mentioned if the eel

worm is present in the soil, the vigorous constitution of the stock

in question has the power naturally to recuperate quickly, and there-

in is where its utility and strength lies.

There is another stock recommended under certain conditions for

grafting purposes for roses, and that is the Eosa Multiflora, a wild

rose of Japan. This stock, however, has been found too vigorous

for the section of the tea-scented rose in general use for winter flower-

ipg, furnishing sap presumably more freely than the Tea roses men-

tioned above can elaborate to advantage. The American Beauty has

so far shown no decided advantages when grafted on the Manetti

stock, which, by the way, is itself increased by cuttings, whereas

the Multiflora is very easily raised from seed, which is much the

cheaper w^ay to get up stock, and if the Beauty took kindly to the lat-

ter stock it might be advantageous to use it for that purpose, be-

cause Beauty does not root with nearly the same certainty as does a

Tea rose. It may or it may not surprise some growers to know' that

Golden Gate and its white sport Ivory, with their natural vigorous

constitution, are considered by other experts to be improved by

grafting on the Manetti stock.

Before leaving the subject of grafting, it may be mentioned that

dormant pieces, with two or three eyes and two and a half inches long

or so, of the celebrated and popular Crimson Rambler rose, which

is seen on every hand outdoors in full bloom in the month of June

in and near to the larger cities, and grafted on any congenial stock

—

the Multiflora has been found admirable for this purpose—and given

proper treatment under glass, may be had in full bloom in a four-

inch pot the latter part of March or early in April, and such plants

make excellent gifts for friends, or find ready sale if prepared with

that object in view.
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Carnations are easily raised from seed, but unfortunately out of

one or two thousand young plants there may be no two alike and

may be any other color than the variety which furnished the pollen

or that which produced the seed, and two-thirds of the llowers are

very likely to be single and of no practical value. But by seed is the

way which such celebrities as "Mrs. Thomas W. Lawson," "The

Roosevelt," "Prosperity," "Adonis," "Enchantress," and other meri-

torious varieties were brought forth; but to be absolutely sure that

we will get the same color, form and size of any special variety, we
must increase and multiply by cuttings. And what holds good in the

case of roses in the propagating bed will serve as a guide to the

management of Carnations, excepting that a cooler temperature is

lecommended for Carnations, from 52 to 55 degrees at night and not

higher than 60 degrees in day time when possible and practical,

with plenty of ventilation night and day, weather conditions permit-

ting. Some varieties of Carnations are inclined to sport, so that a

sharp lookout for a variation from the original is always in order.

Among the many favorite flowering plants for the greenhouse that

may be raised annually from seed, are the Chinese Primrose {Primula

sinensis), Cine/ aria stellata or the so-called hybrids from C. cruenta

and Cyclamen^ all of which are deserving of a place in any and all

cool greenhouses where pot plants are grown. All the above delight

in an abundance of air on all favorable occasions, and a night tem-

perature of 45 degrees will suit them admirably. This brings us to

the subject of

—

ANNUALS FOK WINTER BLOOMING.

Nearly all the annual flowering plants may be had in bloom in

the winter-time, provided the seed is sown at the proper time. The
Mignonette is an annual and is one of the most popular flowers for

winter blooming that we have, principally on account of its unique

and delicious fragrance. The size of the flower has been wonder-

fully increased during the past decade. This has been brought about

entirely by selection. One of the pioneers in the improvement of

the size of the flowers of the Mignonette states, that he secured seed

from every source likely to have something superior to what was gen-

erally grown, and when all the plants resulting therefrom came into

bloom, only one plant was set aside as approaching the ideal, and
from this one plant, seed was saved, and this rigid rejection was kept

up for years until a vastly improved strain has been secured. And
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what has been done for the Mignonette may be done for nearly if not

quite all the flowering plants grown; especially does this apply to

annuals. At i)resent the Mignonette is the most popular aunual

grown for cut flowers, and the commercial value has been raised from

a dollar per hundred twenty-five years ago, to fifty dollars per hun-

dred, the latter price being realized at Chistmas time a few years ago.

Though at the present time, 1 r(3gret to say, so high price is not main-

Jained even for the very select because the high grade has become

more plentiful.

To find out just when to sow the seed of annuals to have them at a

given time, at Christmas for instance, some experimenting will have

to be resorted to and careful observations made and notes re-

corded. Mignonette for winter blooming is generally sown the

latter part of July and the beginning of August, and as it is a diffi-

cult plant to transplant successfully, the seed is recommended
to be sown where the plants are expected to grow and bloom; if in a

bed under glass, after the soil is carefully prepared the bed is checked

off a foot or so apart each way, a few seeds are dropped at the junc-

tion, exactly the same as is the general practice when planting corn.

Other growers sow a few seeds in a three-inch pot. In all cases only

one plant is left, and the thinning out is done as soon as possible

after the plants become large enough so that the most promising

one may be selected, thus giving same every opportunity to develop

into a strong and vigorous specimen. And the plan adopted in the

growing of Mignonette may with more or less modifications be car-

ried out with other annuals. The methods of culture will have to

conform according to the use to which the plant when fully grown
is to be put. For instance, the Mignonette is not grown to any great

extent as a pot plant, it not being sufficiently showy for that purpose,

as it is grown principally for cut flowers. It is generally grown in a

solid bed especially prepared inside the greenhouse, though we oc-

casionally see some excellent specimens grown in pots.

Among other annuals that are successfully grown for winter flow-

ering are the different varieties of Sweet Peas, and so far these are

grown exclusively for cut flowers. The dwarf or Cupid varieties

might be grown as pot plants, but the climbing varieties, to make
presentable specimens, would have to be grown in large pots with the

top of a birch tree or some other equally twigy bush to climb upon.

All the varieties of Nasturtiums might be tried, both dwarf and
climbing varieties. Some varieties would be found, after a test pos-

sibly, to answer the purpose for winter blooming better than others.

In England such selections have already been made suitable to the

existing conditions there. Whether the dwarf varieties would pro-

duce flowers with sufficiently long stems to be of any practical value

in America for cut flowers can only be known by experimenting. Cer-
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tain it is that as pot plants the dwarf varieties grown close to the

glass in full sunlight, and in comparatively poor soil, and care taken

not to give too much water, and in a temperature of from 56 to 60

degrees at night, very showy plants must result.

Among other hardy annuals besides those named may be men-

tioned, Sat2ngIossis, with its browns, yellows, and crimsoos, beauti-

fully veined in lighter or darker shades with occasional dashes of

blue, giving color combinations difticult indeed to describe. There

are dwarf and taller growing varieties but among the taller varieties

there are none which might be given the term climbing.

Brachycome iberidifolia or Swan River Daisy, is dw^arf and com-

pact growing, with flowers both blue and white Avith darker center,

and is very much like a refined form of the Cineraria. If grown
dwarf and compact, these would make very beautiful plants for din-

ner table decoration.

Schizantkus in a variety of shades and colors as purples, lavenders,

pinks and whites can be had in bloom in the winter without any

difficulty whatever, and they are certainly very light, airy and grace-

ful. There is a new variety known as -5'. Wlsetonensis, which is likely

to be heard of in the near future, as it has met with much favor in

London recently.

In conclusion, let me admonish all who operate greenhouses,

whether for pleasure or profit, to attend strictly to every little de-

tail, for if anything requires strict attention in every detail, both

large and small, it is greenhouse management. No matter whether

for pleasure or profit, cleanliness must be the watchword, if there

are a few meritorious specime*! plants in a greenhouse or green-

houses, a lack of cleanliness detracts very materially from a place

so operated, no matter how pretentious.

When a mixed collection of plants is grown they should be cleaned

from decayed and decaying leaves and flowers and rearranged at

least oncL, a week. The variety in effect produced by judicious re-

arranging is another of the charms of a greenhouse, and it is need-

less to say that empty pots and dead and dying plants should be

removed without delay. Plants respond very gratefully whenever

intelligent attention is given to their needs.
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PHOSPHATES.

PHOSPHATIC OR PHOSPHORIC ACID FERTILIZERS.

THE DIFFERENT SOURCES AND FORMS OF PHOSPHORIC ACID USED IN
AGRICULTURE, AND THEIR METHODS OF PREPARATION AND

APPLICATION.

Bv H. J. Pattekson.
Director arid Chernsit of Maryland Agricultnral Experiment Station.

INTRODUCTION.

Phosphates possess considerable interest to the agriculturist

beyond their great importance in the every-day practical considera-

tion of the means for maintaining and increasing the productive

capacity of the land.

The foundation of the present system of agricultural chemistry

was laid in connection with the study of the use of phosphates.

The growth of agricultural chemistry, with the research based upon

it, has brought about the development of the other sciences as re-

lated to agriculture and so produced all that may be encompassed

by the term "Modern Scientific Agriculture." And phosphates may
be said to be the initial of all that which may be hoped for as a

result of the vast and world-wide efforts now being put forth in

all classes of agricultural research.

HISTORICAL.

There is no definite record as to the time when the use of phos-

phates first came into existence, but as far as can be judged from

the early records and writings upon agricultural topics, there seems

to be but little doubt that the first commercial fertilizers ever used

were chiefly phosphatic in their nature, and the good results which

attended their application was mainly due to phosphoric acid.

From some notes of Varro it might appear that phosphates may
have been used to some extent even B. C. but it is very sure, that

even if such were the case,it w^as not until comparatively recent times

that the value and need of phosphoric acid was actually recognized.

Writers record that upon the first invasion of Britain by the Romans,
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the natives were found using phosphatic marls to obtain better

crops. But these practices were the result of accident or mere

observation, and were not based upon any knowledge of the rela-

tions of soils, fertilizers and plants. The same is true of the prac-

tice of the Indians of putting fish in their hills of corn, as observed

by the early settlers of America.

That there were no very definite ideas in the minds of the early

users of phosphates or other mineral plant fcods, at least ideas

which correspond with the present existing theoiy of the relations

of plants to mineral plant foods, is evidenced by the fact that

the Prussian Academv of Sciences, in the vear 1800, offered a

prize for an investigation to decide whether the mineral matters

found in plants are taken up from the soil or whether they are

produced in the plants themselves by vital power. This question

was treated by Schroader, whose decision was in favor of the latter

opinion.

This opinion, though probably quite generally held, did not re^

main long in force, for Saussure, in 1804, declared that the mineral

matter of humus contributed in a certain degree to fertility, since the

same minerals are found in the ashes of plants. Sir Humphrey Davy

was the first to consider the mineral constituents essential for the

development of plants, as is evidenced by his statements in Ele-

ments of Agricultural' Chemistry, London, 1814, to the effect that:

"The chemistry of the simpler manures (the manures which act

in very small quantities, such as bone dust, gypsum, alkalies and
various saline substances), has hitherto been exceedingly obscure.

It has been generally supposed that these materials act in the vege-

table economy in the same manner as condiments or stimulants in

the animal economy and that they render the common food more
nutritive. It seems, however, a much more probable idea that they

are actually a part of the true food of plants, and that they supply

the kind of matter to the vegetable fiber which is analogous to the

bony matter in animal stomachs." Springel, in his Theory of Manur-
ing^ published in 1839, was the second to express an opinion to this

same effect. He said: "We can accept it as an indisputable fact

that mineral matters found in plants are real nutrients for them,

and that it is not their action upon humus which make them im-

portant, since gypsum, potassium, sulphate and calcium phosphate

do not at all act upon the humus."

Closely following the statements of Springel, came (in 1840) the

published results of the researches of Justus von Leibig. Leibig's

results laid the foundation for our present agricultural chemistry,

and entitled him to the designation of the "Father of Agricultural

Chemistry."
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While, as has been stated, mills for grinding bones existed early

in the nineteenth century in France and England, and enterprising

men went ?o far as to dig up battlefields and unearth thousands of

tons of bones for agricultural purposes, and as it is even claimed

that the credit for making the first super-phosphate is due to Sir

James Muri ay, which was done in 1877, yet it was made without any

real knowledge of the change which took place or application of the

practical value accomplished.

As a result of his researches, Leibig pointed out that by treating

bones and mineral phosphates with sulphuric acid, the insoluble

phosphoric acid would be changed to a soluble form, and a consider-

able quantity of gypsum (sulphate of lime or land plaster), would

be formed at the same time. The experiments of Leibig were sub-

stantiated bv those conducted bv the Duke of Richmond in com-

paring fresh and degelatinized bone from which he came to the

conclusion that bones owed their fertilizing value not to gelatins

or fatty matter, but to their large percentage of phosphoric acid.

These experiments were still further confirmed by the results,

shortly afterwards published by Boussingault. This set all uncer-

tainty with regard to the value of phosphoric acid at rest and es-

tablished its value and necessity on a permanent foundation, marked
a distinct epoch in the uses of phosphates, which, from that time,

has rapidly spread and been constantly increasing.

THE ROLE OF PHOSPHORIC ACID IN PLANTS.

The function which phosphoric acid performs in plants is quite

varied, yet in all cases exceedingly essential. The present status

of this subject has been fully set forth by Dr. Oscar Loew. in Bulletin

Xo. IS, of the Division of Vegetable Pathology, U. S. Dept. of Agri-

culture. "On the Physiological Role of Mineral Nutrients." The
principal points which it might be well to mention here are that the

chlorophyll to which the green color of plants is due, can only be

formed in the presence of phosphoric acid and. hence, all the essen-

tial functions which are closely related to the chlorophyll are

dependent upon this element. Relatively large proportions are

found in yeast cells, in seed just forming and numerous other

microscopic organizations which are playing so important a part

in the growth of plants. Proper embryo development of seeds seems
to be dependent upon phosphates, and some observers have claimed

that the total mass of protein in seeds is increased by an increased

supply of phosphoric acid.

THE IMPORTANCE OF PHOSPHORIC ACID TO CROPS AND THE NEED
FOR SUPPLYIXG IT IN FERTILIZERS.

It has already been stated that phosphoric acid was very neces-

sary to the growth of crops and particularly essential to the ma-

turitv of seeds.
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Though there is little loss of phosphoric acid from soils through

any source except by crops, yet they draw on the soil to a con-

siderable extent. The amount of phosphoric acid in various farm

products and common products which farmers are familiar with is

given in the following table, showing the fertilizing constituents:

TABLE 1.

SHOWING PHOSPHORIC ACID AND OTHER FERTILIZING CONSTITU-
ENTS IN AGRICULTURAL PRODUCTS.

Compiled from Tables in Hand Book of Experiment Station Work, O. E. S.

Bui. 15.

GREEN FODDERS.
Corn fodder

Sorghum fodder

Rye fodder

Oat fodder
Common millet,

Japanese millet

Hungarian grass (German millet)

Orchard grass (Dactylis glomerata),*

Timothy grass (Pleum pratense),*
Perennial rye grass (Lolium perenne),*

Italian rye grass ((Lolium italicum),*

Mixed pasture grasses

Red clover (Trifolium pratenso)

White clover (Trifolium repens)

Alslke clover, (Trifolium hybridum)
Scarlet clover (Trifolium incarnatum)
Alfalfa (Medicago sativa)

Cowpea
Serradella (Orinthopus sativus),

Soja bean (Glycine soja)

Horse bean (Vicia faba) ,

White lupine (Lupinus albus)

Yellow lupine (Lupinus luteus),*

Flat pea (Lathyrus sylvestris).*

Common vetch (Vicia sativa),*

Priekley comfrey (Symphytum asperrinum),
Corn silage

Corn and soja bean silage

Apple pomace silage,*

HAY AND DRY COARSE FODDERS.
Corn fodder (with ears),

Corn stover (without ears)

Teosinte (Euchlaena luxurians)
Common millet

Japanese millet,

Hungarian grass
Hay of mixed grasses
Rowen of mixed grasses
Redtop (Agrostis vulgaris)
Timothy,
Orchard grass

Kentucky blue grass (Pea pratensis),

Meadow fescue (Festuca pratensis)

Tall meadow oat grass (Arrhenatherum avena
ceum)

,

Meadow foxtail (Alopecurus pratensis)
Perennial rye grass

49

0.41
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Meadow foxtail (Alopecurus pratensis)

Perennial rye grass,

Italian rye grass, -

Salt marsh hay
Japanese buckwheat
Red clover

Mammoth red clover (Trifolium medium)
White clover

Scarlet clover, *

Alsike clover

Alfalfa,

Blue melilot (Melilotus caeruleus),

Bokhara clover (Melilotus alba)

Sainfoin (Onobrychis sativa)

Sulla (Hedysarum coronarium),
Lotus villosus !.

Soja bean (whole plant)

Soja bean (straw) , ,

Cowpea (whole plant)

Serradella,

Scotch tares,

Oxeye daisy (Chrysanthemum leucanthemum),
Dry carrot tops

Barley straw
Barley chaff,

Wheat straw,

\yheat chaff,

Rye straw
Oat straw
Buckwheat hulls

ROOTS, BULBS, TUBERS, ETC.
Potatoes
Red beets,

Yellow fodder beets

Sugar beets

Mangel-wurzels
Turnips
Rutabagas,
Carrots,

GRAINS AND OTHER SEEDS.
Corn kernels,

Sorghum seed

Barley, *

Oats
Wheat (spring)

Wheat (winter)

Rye
Common millet,

Japanese millet

Rice
Buckwheat
Soja beans

MILL
Corn meal
Corn-and-cob meal, .,

Ground oats

Ground barley,

Rye flour,

Wheat flour

Pea meal.

PRODUCTS.

15.35

9.13

8.71
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Squashes, rind,

Squashes, seeds and stringy matter.

Squashes, whole fruit

Sweet corn, cobs,

Sweet corn, husks
Sweet corn, kernels

Sweet corn, stalks

Sweet potatoes, tubers

Sweet potatoes, vines

Tobacco, t

Tomatoes, fruit

Tomatoes, roots,

Tomatoes, vines,

Turnips
Watermelons, juice,

Watermelons,- pulp,

Watermelons, rind,

Watermelons, seeds,

Apple leaves, collected in May,
Apple leaves, collected in September,
Apple, fruit,

Apple trees (young), branches
Apple trees (young), roots

Apple trees (young), trunks
Apple trees (young), whole plant

Apricots, dried,

Apricots, fresh

Bananas, fresh,

ulackberries,

Blueberries

Cherries, fruit

Cherry trees (young), branches
Cherry trees (young), roots,

Cherry trees (young), trunks
China berries

Cranberries, fruit,

Cranberries, vines

Currants,
Grapes, fruit, fresh,

Grapes, fruit, dried and ground,!
Grapes, wood of vine,

Lemons,
Nectarines,
Olives, fruit, §

Olives, leaves, §

Olives, wood of larger branches,! ...

Olives, wood of small branches,!
Oranges, California

Oranges, Florida,

Peaches, fruit,

Peaches, wood of branches
Pears, fruit

Pear trees (young), branches
Pear trees (young), roots

Pear trees (young), trunks
Pineapples
Plums
Prunes,
Raspberries,
Strawberries, fruit

Strawberries, vines.

82.

74.

94.

SO.

S6

82

SO

71.

41.

93.

73.

S3.

90

93

91.

89

4S.

72.

60

85,

83

64

51.

60,

32.

85

66

88

82,

86

79

67

53

16

89

64

31

61

46

05

S7

97

37

36

71

30

60

70

70

83

44

16

25

91

69

10

50

20.

20

52

59

86,

S3,

34

,02

,00

S3

83

00

00

40

50

75

21

71

85

26

92

00

70

30

28

43

38

.82

.84

1.21

1.39

0.41

0.5.0

0.56

0.56

1.25

1.00

5.79

18.27

0.47

11.72

3.00

0.80

0.20

0.33

1.24

1.34

2.33

3.46

0.39

0.65

1.59

1.17

1.38

0.49

1.15

0.5S

0.16

0.58

0.78

1.22

0.81

4.13

0.18

2.45

0.53

0.50

1.16

2.97

0.56

0.50

1.42

2.51

0.94

0.96

0.43

0.32

1.93

0.54

0.76

1.40

1.71

0.35

0.54

0.49

0.55

0.60

3.34

0.21

0.18

0.46

0.28

•0.24

0.16

0.24

0.32

0.18

0.74

0.89

0.13

0.35

0.19

0.05

0.07

0.07

0.14

»0.08

0.55

0.05

0.C:6

0.07

0.10

0.25

0.19

0.01

0.04

0.11

0.06

0.05

0.06

0.22

0.22

0.24

0.41

•0.37

3.81

0.27

0.29

0.50

0.39

0.25

0.39

0.19

0.04

0.09

0.06

0.17

0.29
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Whortleberries
Chestnuts, cultivated

Chestnuts, native

Chestnuts, Spanish,
Peanuts, hulls

Peanuts, kernels

Peanuts, vines after blooming, .

Peanuts, vines before blooming,

WOOD.
Ash wood
Chestnut,
Chestnut,

Dogwood,
Dogwood,
Hickory,
Hickory,
Magnolia,

bark,

wood,
bark,
wood,
bark,

wood,
bark,

Magnolia, wood,
Maple, bark
Oak leaves, mixed, .

Oak post, bark
Oak post, wood,
Oak, red, bark
Oak, red. wood
Oak, white, bark, ..

Oak, white, wood, ...

Pine, burr,

Pine, Georgia, bark.
Pine, Georgia, wood.
Pine, old field, bark.
Pine, old field, wood.
Pine, straw, mixed, .,

Pine, yellow, wood, .

Pine, black, wood, ..

Sycamore, wood,

ANIMAL, PRODUCTS.
Butter
Buttermilk (85)

Cheese
Cream
Eggs
Eggs without shell,

Fat renderings, cakes (5)

Calf,

Ox
Sheep,
Swine,
Cow's milk
Skim milk
Skim milk, centrifugal separation (7),

Whey
Wool, washed
Wool, unwashed

82.42

40.00

40.00

10.00

10.00

10.00

10.00

30.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

7.91

90.12

33.25

74.05

67.20

73.70

9.52

66.20

59.7

59.1

52.00

87.00

90.25

9.60

92.97

12.80

16.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

10.00

0.41

1.78

1.62

2.66

2.99

2.21

12.36

7.45

0.32

3.51

0.16

9.87

0.68

3.97

0.48

2.»8

0.36

9.49

4.70

12.10

0.77

6.29

0.i57

5.95

0.26

1.09

0.37

0.33

1.94

0.18

1.65

0.23

0.21

0.99

0.15

0.72

2.10

0..50

6.18

0.92

6.38

3.80

4.66

3.17

2.16

0.75

0.80

0.74

0.60

0.98

7.08

1.18

1.04

4.01

0.12

0.64

3.93

0.40

.2.18

2.00

9.38

2.50

2.66

2.24

2.00

0.53

0.56

0.49

0.150

9.44

5.40

0.39

0.14

0.82

0.2O

0.32

0.012

0.114

0.011

0.140

0.057

0.061

0.058

0.095

0.032

0.421

0.116

0.070

0.103

0.060

O.074

0.025

0.013

0.012

0.095

0.007

0.010

0.009

0.121

0.040

0.220

0.600

0.150

0.370

0.350

2.620

1.380

1.860

1.230

0.880

0.190

0.2^0

0.210

0.140

0.180

0.070

0.63

0.81

0.88

0.90

1.16

0.149

0.278

0.029

0.341

O.190

0.141

0.138

0.192

0.071

1.197

0.249

0.169

0.179

0.140

0.125

0.106

0.024

0.050

0.077

0.008

0.045

0.030

0.230

0.040

0.210

0.120

0.130

0.150

0.160

0.199

0.240

0.170

0.150

0.180

O.ISO

0.190

0.200

0.180

0.190

5.620

•Dietrich and Konig; Zusamensetzung und Vardaullchkeit der P^attermlttel.

•Dietrich and Konig.
tWolff.

SAverage of 50 analyses made by H. J. Patterson.
f'Grape food."

5L. Paparelli: Etude chiue sur roliver, Montpeller, 1881.
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From the ligures in Table 1 may be determined the amount of

phosphoric acid disposed of in the products sold off the farm.

The quantities of phosphoric acid contained in the usual unit

of measure of the more common products, together with the valua-

tion of the same upon the basis of the commercial value of fertilizers

is given in the following table:

TABLE 2.

Quantity and Value oC the Phosphoric Acid Contained in the more Common
Farm Products.

(Calculated on the Basi.g of the Ordinary Unit of Measure.)

Kind and Quantity of Product.

o
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In order to present ao idea of the amount of exhaustion of phos-

phoric acid by crop in a little different way from the above, calcula-

tions have been made of the quantity removed from one acre by a

fair yieAd of some of the commoner products. These figures are

presented in Table 3.

TABLE 3.

Approximate Quantity of Phosphoric Acid in the Product of One Acre of Sun-

dry Farm Crops.

Estimated Crop.
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dollars' worth of truck crops and small fruits annually' sold from
Pennsylvania farms is not accounted for in the table. Again, the

live stock, poultrA- and eggs annually sold carry considerable phos-

phoric acid with them.

The total amount removed by the crops, as exhibited in Table 4,

of 102,538,740 pounds would require, if it were to be replaced, over

r>G6 thousand tons of standard (14 per cent.) dissolved phosphate rock.

This would mean an expenditure of over three and one-half millions

of dollars annually for this one plant food alone.

TABLE 4.

The Approximate Quantity of Phosphoric Acid Annually Removed from Penn-
sylvania Farms by the Principal Crops.

(Compiled from Yields of the Twelfth Census, 1900.)

Crops.

(U

m

m
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a
3
o

o
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o
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Barley
Barley straw,
Buckwheat
Buckwheat straw
Corn grain
Corn fodder
Oats,

Oat straw
Rye
Rye straw
Wheat,
Wheat straw,
Potatoes
Sweet potatoes
Onions
Tobacco (lbs.)

Beans
Peas
Hay and forage (tons),

197,178

3,922,980

51,869,780

37,242,810

3,944,750

20,632,680

21,769,472

234,724

347,806

41,502,620

23,957

6,363

3,766,834

Total.

15

ISS

320

2,904

5,809

968

1,646

220

375

1,237

2,104

1,219

13

19

41:

1

7,533:

,464,524

389,690

,295,240

101,908

707. 6S0

415,360

313, OCO

132,202

906,000

540,200

960,800

533,360

090,432

144,544

477,136

502.620

341,592

356,328

668,000

0.79

0.30

0.44

0.61

0.70

0.29

0.82

0.20

0.82

0.20

0.89

0.12

0.07

0.0$

0.04

0.55

0.95

0.84

0.45

74,768

46,169

828,499

1,952,621

20,332,953

16,847,304

7,940,367

3,292,264

1,811,429

751,080

11,004,851

2,525,440

853,363

10,515

7,790

228.264

12,745

2,993

33,901,506

102,424,922

Before proceeding further, it wall probably be well to devote a

little space to the general consideration of the subject of phosphoric

manures, the forms in which phosphoric acids exist, and various

sources and methods of manufacture of the same.

Phosphoric Acid and Phosphates:—Phosphorus compounds are

absolutely necessary for the maturity of plants and the forma-

tion of seeds for their reproduction. Tt has been well established
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tliat the salts of phosphoric acid, or phosphates, as they are called,

are the only sources from which phosphorus of plants can be de-

rived. Phosphoric acid is a combination of the element Phosphorus

(P) with Oxygen gas (O). In phosphates, the phosphorus and

oxygon unite in the proportion of two parts of the former to five

of the latter, forming what is commonly designated as /^Ao^^AoWc

acid^ and this union is expressed by the sign or symbol Pg O5. Phos-

phorus, when uncombined with other elements, is a yellowish,

waxy looking, solid substance. It is soft and can be cut as easily

as ordinary bees-wax. It is very poisonous. It ignites easily, and,

therefore, has to be kept under water. When phosphorus burns,

it simply unites with the oxygen of the air, forming phosphoric acid

Phosphoric acid usuaHy occurs in the soil in combination with

lime, magnesia, alumina and iron. These phosphates are all prac-

tically insoluble in water; that is, they are dissolved by pure water

so slowly and to so slight an extent that they sustain no appreciable

loss in the soil by drainage water. Hence, the quantity in the soil

is diminished almost wholly through the agency of crops. The
amount of phosphoric acid, even in a fertile soil, is comparatively

small. A ton of good soil will contain about three pounds; many
will contain less, and some considerablv more. On this basis an
acre of average soil would contain to the depth of 9 inches, about

4,500 pounds of phosphoric acid.

The character of the soil affects very considerably, the available

condition of the plant food. One of the problems that confronts the

farmer is to use such methods in soil management as will convert the

plant foods which the soil contains into forms available for crops.

FORMS OF PHOSPHORIC ACID.

As has already been stated, phosphoric acid exists in soils in com
bination with lime, magnesia, alumina and iron, and it is in these

same combinations in which it is found in the various sources, from

which phosphates are manufactured. For the manufacture of fer-

tilizer and in agriculture, the phosphate of lime is most highly prized

and preferred.

IRON AND ALUMNIA PHOSPHATES.

This represents a large class of natural phosphates. They are in-

soluble in water, the same as the natural lime phosphate. They con-

tain almost the same percentage of phosphoric acid as lime phos-

I)hates. They are not well adapted for the manufacture of soluble

jjhosphates as the treatment with acid produces a sticky mass which

is hard to dry and keep in a good condition.

52—6^1902
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FORMS OF PHOSPHATE OF LIME.

In mauufactui'ing fertilizer from phosphate of lime the aim has

been to change it from the insoluble condition to a soluble condition

which would be more available to plants. In the natural and insolu-

ble state, the phosphate exists in what is chemically known as tri-

calcium phofiphate (three-lime phosphate), and in the conrse of manu-

facture this is changed chemically so that, at the end of the opera-

tion there exists four kinds or combinations of calcium (lime) and

phosphoric acid, which are as follows:

(1.) Soluble phosphate of lime, or mono-calcium phosphate.

(2.) Keverted phosphate of lime, or di-calcium phosphate.

(3.) Insoluble phosphate of lime, or tri-calcium phosphate.

(4.) Tetra-calcium phosphate, or four-lime phosphate.

( 1 ) SOLUBLE PHOSPHATE OF LIME.

This is popularly known under several other names as ''Super-phos-

phate," ''Super-phosphate of lime," "Acid phosphate," "Acid phos-

phate of lime," "Water-soluble phosphate," "Acid calcium phos-

phate," "Mono-calcium phosphate," and "One-lime phosphate."

Phosphoric acid does not occur naturally in the soluble state.

Soluble phosphoric acid is made by treating bones or mineral phos-

phates with sulphuric acid (oil of vitriol.) The chemical change

Avhich occurs is practically as follows: Sulphuric acid and water

being applied to the materials containing insoluble phosphates (tri-

calcium phosphate), the sulphuric acid combines chemically with

two parts of lime and forms sulphate of lime or gypsum (land

plaster), while the Avater unites with the jihosphoric acid and one

part of lime, forming mono-calcium or soluble i^hosphate of lime.

The substances being mixed, it is a natural chemical action or re-

action that takes place with the result stated. The total conversion

of the insoluble to the soluble form, cannot be accomplished without

using such an excess of sulphuric acid as would be injurious to seeds

and roots of plants which would come in contact with the fertilizer,

and also would make the fertilizer of such a mechanical condition

as to be difficult to handle and apply. In practice, less acid is added

than is necessary to wholly convert all the phosphoric acid to the

soluble form, consequently more or less of all the forms of phos-

phoric acid are found to be present after the fertilizing materials

have been treated or dissolved. Leibig, in 1840, was the first person

to suggest the treatment of bones and mineral phosphates with sul-

phuric acid, for the purpose of rendering the phosphoric acid more

available for plants. This may be said to be the beginning of the

use of genuine artificial fertilizers. In the course of dissolving

phosphates some of the phosphoric acid is set entirely free and
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will be found as free phosphoric acid in freshly made goods, but

this will remain so for only a comparatively short time. It wull, in

time, act on the insoluble phosphates contained in the fertilizer.

The water-soluble phosphoric acid is readily distributed in the

«oil, and is in a form that can be immediately absorbed by the roots

and used by the plants as food, but, unfortunately, the water-

soluble phosphoric acid will not remain long in the soil in this

condition, for, coming in contact with the lime, magnesia, etc., in

the soil, it reverts to a condition insoluble in water. In reverting,

this water-soluble phosphoric acid is precipitated in such a way as

to form a fine powder or coat over the particles of soil, and is thus

in a finely divided state and presents a considerable surface which

makes it easily dissolved by the acid soil waters, and the acid exuda-

tions of rootlets and thus still possesses a greater availability than

any other form of phosphoric acid.

( 2 ) REVERTED PHOSPHATE OP LIME.

Keverted phosphate of lime, also spoken of as "Reverted phos-

phoric acid," "Reverted calcium phosphate," "Precipitated phos-

phate of lime," "Citrate soluble phosphate," "Neutral phosphate of

lime," and "Di-calcium phosphate," is quite insoluble in pure water,

but is easily dissolved in water containing carbonic acid or salts

of ammonia and in weak acids. The term reverted was originally

intended to imply that this phosphoric acid had once been soluble,

but for some cause had "gone back" to a form insoluble in water.

This probably does take place to a limited extent, but as a matter

of fact, in the course of manufacture, there is not sufficient acid

used to make all the phosphoric acid soluble, and some of the tri-

calcium phosphate loses only one part of lime, and thus leaves di-

calcium phosphate remaining. As has been stated, some phos-

phoric acid is set entirely free, which will unite with insoluble

phosphoric acid, and bring some of it to the so-called reverted form.

This form of phosphoric acid is readily assimilated by plants, be-

cause the soil and solutions from the plant roots usually contain

acids strong enough to dissolve it. Reverted phosphoric acid is,

therefore, considered nearly as valuable as a plant food as the water-

soluble form. Reverted phosphoric acid is often met with in small

quantities in nature in connection with some insoluble phosphates,

guanos, limes and other organic matter.

AVAILABLE PHOSPHORIC ACID.

In the commercial world and in stating the results of an analysis,

the percentage of soluble phosphoric acid and the reverted or citrate

soluble phosphoric acid are added together and the sum called avail-

able phosphoric acid.
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( 3 ) INSOLUBLE PHOSPHORIC ACID.

This is known under several names, as "Insoluble calcium phos-

phate," "Tri-calcium phosphate," "Bone phosphate of lime" and "Nor-

mal calcium phosphate." This form is called insoluble, because it

does not dissolve in water or weak acids, as does the soluble or re-

verted phosphoric acid, but requires some strong acid to cause its

decomposition or solution.

Insoluble phosphoric acid is found in nature in large quantities,

some of the chief sources of which will be noticed later.

Insoluble phosphates are found everywhere in the soil and most

of them are of but little value to the farmer, because thev are not

easily dissolved and can, therefore, be utilized but slow^ly by plants.

(4) TETRA-CALCIUM PHOSPHATES.

Tetra-calcium phosphate, or four-lime phosphate, is a form of

phosphoric acid of recent discovery, and has been found to exist in

slag phosphates. It contains more lime in proportion to phos-

phoric acid than any other form of phosphate. While it is insoluble

in water, it has been found to be more available to plants than, in-

soluble phosphate of lime (tri-calcium phosphate).

The following table gives the chemical composition and differences

of the four phosphates of lime:

TABLE 5.

Chemical Composition of the Four Phospliates of Lime.
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Or, taking it another way:
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it is necessary to use in order to bring the desired change of a tri

calcium x^hosphate to the soluble and reverted forms, can be easily

calculated. These amounts have been worked out for practice as

expressed in the following table:

TABL.E 6.*

One Part by Weight of Each Substance Below Requires,

Sulphuric Acid by Same Unite of Weight.

«
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The material, before treatment, is always fiuely ground so as to

facilitate the chemical action. After the treatment has been com-

pleted the mass is dried and ground for use.

The materials which are chietly used as sources of phosphoric acid

in fertilizers are given in the following table, together with their

average composition :

TABLE 7.

Giving the Approximate Amount of Phosphoric Acid in Fertilizing Materials.
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of the amount used. But very soon it was determined that phos-

phoric acid was the chiefly valuable ingredient in bone and that

phosphates were so essential for plant growth and development, it

was pointed out by Professor Henslow, in 1845, in a lecture before

the British Association, describing the Suffolk Coprolites, that these

deposits of mineral i)hosphates could be of immense value for

application in agriculture.

Even at this time large workable deposits of mineral phosphates

were known to exist, they having been almost simultaneously dis-

covered in several countries, notably those discovered by Buckland,

in England, Berthier in France and Holmes in America (Ashley

River, S. C, 1837), and since that time numerous other large deposits

have been discovered in almost every part of the world, but those

w^hich are of special interest in the United States are those deposits

of Florida, Tennessee and Virginia.

The mode of occurrence of the best-known deposits of phosphates

of lime are quite erratic. They have been found in rocks of all

ages and of nearly every texture. Sometimes they are very pure,

sometimes their constituents are extremely variable. Sometimes

they are found in veins, sometimes in pockets and again in stratified

layers or beds, in connection v^'ith fossilized remains of all kinds de-

posited by ancient seas.

The supply of phosphates available for agricultural purposes may
be divided, from a chemical standpoint, into two principal classes:

1st. Phosphates of lime or calcium phosphates.

2d. Phosphates of iron and alumina.

(1) PHOSPHATES OF LIME OR CALCIUM PHOSPHATES.

For the manufacture of fertilizers and for agriculture purposes,

phosphates of lime are generally preferred. This preference by the

manufacturer is due to the physical characteristics of the compounds

formed when treated with acid, and the preference on the part of

the farmer no doubt has been moulded in a measure by the prefer-

ences of the manufacturers, yet, to a large extent, is probably due

to the fact that bones are phosphates of lime, and they learned early

to appreciate the good etfects of bone and also in many sections

recognized the great A^alue of lime as a soil improver.

In this connection, there has been given a detailed description of

the various sources of lime phosphates, and for their chemical dis-

tinctions, see under "Forms of Phosphoric Acid," on page 18.
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SOUTH CAROLINA PHOSPHATES.

For the eastern farmer, the deposits of phosphates in South Caro-

lina are by far the most interesting- of any in the world, for they

have done much towards increasing the productive capacity of many
soils, and have made it possible to prolitably farm very considerable

areas that otherwise would have been abandoned. Their discovery

has also, in a measure, revolutionized the agricultural pursuits of

all parts of the world. The discovery of the deposits of phos-

phates in South Carolina is generally attributed to Prof. Francis S.

Holmes, and probably rightly so, for it certainly was in connec-

tion with his work that the true character of these deposits were dis-

closed. Some make claims of the discovery for Dr. N. A. Pratt, and

there is, no doubt but that his work contributed toward demon-

strating for the first time the true richness and value of the deposits.

However, the existence of the deposits were known even before

the date of Holmes' explorations, as is evidenced by the reference

made to them as early as 18U2 by Judge John Draton, but their prac-

tical value was not suspected. At that period marl or carbonate

of lime was the valuable product, and these deposits were referred

to by Mr. Kuflin, the State Geologist, as the "great Carolinian marl

beds." Again, the attention of the people of Charleston was called

to the fossil remains in that section, and to their similarity to the

Coprolite deposits of England by the writings of an English tourist

about 1820.

As these deposits have plaj-ed so important a part in the agri-

culture of the Eastern States during the past thirty-five years, it

may be interesting and not out of place to give a short sketch

of the incidents relating to the discovery and the development of the

deposits.

On the discovery of the deposits. Prof. Holmes, in "Phosphate

Rocks of South Carolina," says:

"Some time in November, 1S37, in an old rice field about a mile

from the west bank of the Ashley river, in St. Andrew's parish, we
found a number of rolled or water-worn nodules of a rocky material

filled with the impression of marine shells. These nodules, or rocks,

were scattered over the surface of the land, and in some places had

been gathered into heaps, so that they could not materially inter-

fere with the cultivation of the field. As these rocks contained

little carbonate of lime (the material of all others then most eagerly

sought after), the nodules were thrown aside and considered useless

as a fertilizing substance. In a low part of an old field (Dec. 9,

1843), we attempted to bore with an augur below the surface to

ascertain the nature of the earth beneath, with the hope of finding

marl. On removing the soil above the rocks, they were seen in regu-

50
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iar stratum aJbout one foot thick, embedded in clay, and seemed to

be identically the same as those found scattered on the surface

of an adjoining held, all of them bearing- impressions of shells,

and having similar cavities and holes filled with clay. It was on the

23d or 24:th of February, 1844, whilst engaged in the removal of the

upper beds covering the marl, that the laborers discovered several

stone arrow heads and one stone hatchet. Not long after finding

these relics of human workmanship, and while engaged in our usual

visits to the Ashley bed (marl), a bone was found projecting from

the bluff immediately in contact with the surface of the stony

stratum (the phosphate rock); we pulled it out, and, behold, a

human bone! Without hesitation, it was condemned as an 'ac-

cidental occupant' of quarters to which it had no right, geologically,

and so we threw it into the river. A year after, a lower jawbone,

with teeth, was taken from the same bed. Subsequent events

and discoveries show conclusively that the first described bone

was 'in place,' and that ,the beds of the Post-Pliocene, not only on

the Ashley, but in France, Switzerland and other European coun-

tries, contain bones associated with the remains of extinct animals

and relics of human workmanship, proving most conclusively that

the Carolina specimens were found in place, and as the European

discoveries were made in 1854, and ours in 1844, to South Caro-

lina should be awarded the honor of the first discovery.

''Whilst engaged in manufacturing saltpetre, on the west bank of

the river, during the Confederate war, the lime or calcareous earth

necessary in such operations was obtained by sinking pits into the

Eocene marl bed. Upon the removal of a few feet of the upper

layers the workmen discovered in one pit a number of oddly-shaped

nodules, resembling somewhat the marl stones (phosphate rock)

found in the stratum above the marl, but more cylindrical in form

and not perforated, and having their exterior polished, as though

each individual specimen had received a coat of varnish. They ap-

peared to have been deposited in a large corner or pocket in the

marl bed. These specimens were preserved and subsequently sub-

mitted to analytical tests, when their true value was revealed, and

then began the practical work that demonstrated the, fact that

South Carolina possessed a deposit of phosphates the richest, per-

haps, in the world."

So much for the discovery of the South Carolina phosi»hates. The

commercial history and benefits flowing therefrom are full of interest

to both business man and farmer.

On the development of the deposits, L. A. Ransom has given the

following brief summary in the ''Manufacturers' Record:"

"The beginning of the War of 1861 interrupted the investigations,

then in progress by Mr. Ruffin, Professors Holmes and Pratt, Dr.
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fcsiiep'Ui'd, i^r. St. Julien Ravenel and other scientilic men. it was

not until 1867, when reaction from the etfects of the war began

to set in, that attention was then directed toward the development

of these dei^osits. In 1867, the Charleston, South Carolina, Mining

and Manufacturing Company was organized to work the land de

posits. A few Charleston and Philadelphia capitalists furnished th«.

funds and Professor Holmes was elected President. The principal

office was in Charleston, but a branch agency was established in

Philadelphia. In 1870, the capital of the company was |800,000, and

is at present |1,000,000. Many difficulties were met and overcome

in this work, and much money was sunk, because the field of work

was a new and untried one, and experience had to be gained by

great loss of time and a large expenditure. In 1867, sixteen barrels

of the rock were shipped to Philadelphia by Prof. Holmes for general

distribution, and the first parcel of super-phosphates (commercial

fertilizers) was manufactured by Messrs. Potts & Klett, of that city.

The first cargo of 100 tons was shipped on the 14th of April, 1868, to

Baltimore, Md., by John R. Dukes, president of the Wando Co.,

of Charleston." Prof. Holmes thus describes the reception of the

rock in the markets: ''The arrival of the first cargo in Philadelphia

caused no little excitement in mercantile circles, especially among
the manufacturers of fashionable fertilizers, and in a very short

time after the chemists of that city, New York and Baltimore had

pronounced it a true bone phosphate rock, the phosphate fever be-

came epidemic in these cities."

The organization of companies to mine the river deposits followed

close upon that of the land companies, the Marine and Oak Point

mines being the pioneers. With the beginning of river mining, in

1870, the State, through the legislature, claimed control of the

navigable streams, and by act of the assembly, imposed a royalty

of .^1.00 per ton on all rock removed from these streams. A charter

was granted to the Marine and Eiver Company, which gave it the

exclusive rights to all the streams of the State upon the filing of a

$50,000 bond and the punctual payment of royalty, quarterly. In

1870, three years after the commencement of mining operations, there

were at work two river companies, five land companies and six com-
panies manufacturing the rock into commercial fertilizers. The
Marine and River Company leased a part of their territory to the

Coosaw Mining Company, an organization composed of Baltimoreans

and Charlestonians, and organized in May, 1870. This has been
the most successful of all the river mining companies, because the

most persistent. At the end of the first year's experience it had
expended all its money and had nothing left except a dredge and
some experience. Many of the parties interested favored suspend-
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ing work, but largely through the intiuence of Mr. Kobert Adger,

the chief manager, operations were continued, additional capital

raised and the result was the remarkable financial success already

mentioned. Subsequent to the organization of the Coosaw Com-

pany, the Marine and Kiver Company failing to comply with the

terms of its grant from the State, forfeited its charter and retired

from business, because they had found mining unprofitable. The

Coosaw entered iuto new conditions and bonds directly with the

State for the territory it had previously worked under permits

from the Marine and Eiver Company, in 1876, and continued work.

After overcoming apparently insurmountable difficulties, employing

the best talent for mining and marketing its product, it has rewarded

its projectors, and paid handsome dividends to its stockholders.

The i)hosphate deposits in South Carolina are designated under

the heads, viz: as '"Land rock'' and ^'Itiver rock," according to the

location in which it is found. These two classes vary some in physi-

cal characteristics, but not greatly in chemical composition.

The most prominent characteristic of the native Carolina phos-

phate is its nodular form. Even w^here the deposits occur as an

apparently smooth and compact layer, or in large, flat cakes, it is,

nevertheless, composed of irregular nodules, partially cemented or

comi)acted together. Kearly all these nodules have the egg or

kidney shape. The exterior is sometimes rough and indented, often

honeycombed with irregular holes, and sometimes it is smooth and

compact. The surface is occasionally shiny and coated, as if with

enamel. Fossil shells, fish bones and teeth are not infrequently

found imbedded in the nodules, and other animal remains occur

in the same general deposits. The nodules vary in size from the

fraction of an inch to several feet in diameter, and weigh from

almost a ton downwards. Vvlien found, as much of this deposit is,

in river bottoms or under marsh mud, the color of the material

is a gray or bluish black. The land rock is usually of a lighter

color, yellowish or grayish white. The masses are easily broken

and ground to a fine pow^der, light yellow or gray, often becoming
so fine as to float in the air. In this extremely fine condition, and
before being treated with acid, the material is often called Floats.

There is no reasonable doubt that these phosphates came from the

remains of both marine and land animals, although it would be

out of place to give the evidence here. A long series of geological

transformations is involved, together with different eras of animal

life, and subsequent changes in the mineral matters themselves.

From several hundred analyses of the raw or simply ground Caro-

lina rock, the mineral has been found to contain on an average from

25 to 28 per cent, of phosphoric acid—2.5 to 5 per cent, carbonic
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acid, 0.5 to 2 per cent, sulphate acid, 35 to 42 per cent, lime and a

little magnesia, soda, silica, iron and other elements. The finding

of the fossil bones, teeth, etc., spoken of has led to the term ''South

Carolina bone," being incorrectly applied to these mineral phos-

phates.

DISSOLVED SOUTH CAROLINA ROCK.

Rock which has been treated with sulphuric acid to render the

phosphoric acid soluble or available is termed Dissolved South Caro-

lina rock. This constitutes by far the greater bulk of the materials

now used in this country for making phosphate manures. An
immense trade has grown up in this class of phosphates during the

last thirtv-five vears. The most common name by which this class

is known is ''Acid Phosphate," but it is also found on the market

as Dissolved S. C. Rock, Dissolved S. C. Bone and Bone Phos-

phate Rock. While the rock which w'as first used for making this

class of fertilizers was first found in South Carolina, yet much of

it now conies from Florida and Tennessee. The dissolved phos-

phates of this class contain a large portion of their phosphoric acid

in the available condition, but not quite as much in the soluble

form as in dissolved bone black.

DOUBLE SUPER-PHOSPHATE.

This, as its name indicates, is a concentrated form of soluble

phosphoric acid. It is made by dissolving mineral phosphates in

phosphoric acid instead of sulphuric acid. The process of manu-

facture consists of treating a low grade of phosphate rock, or those

too poor in phosphoric acid to make a high grade or standard

super-phosphate, with an excess of dilute sulphuric acid. This sets

free the phosphoric acid, which, together with the excess of sul-

phuric acid, is removed and separated from the insoluble materials

by filtration and washing. The acid solutions thus obtained are con-

centrated and then used for dissolving the better class of phosphate

rock. Because the acids used for dissolving the phosphates con-

tain phosphoric acid, the product yielded contains more than double

the amount of phosphoric acid in the ordinary product.

Double super-phosphate is manufactured to some extent in this

country, but mostly in Europe. Its use in this country is not as

great now as it was a few years ago. This source of phosphoric acid,

contains a minimum of impurities and a maximum of phosphoric acid

in the soluble form.

SUPER-PHOSPHATE.

This was the name originally given to a fertilizer which had been

treated with acid to render the phosphoric acid soluble, but in after
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years it came to be commonly applied to all classes of fertilizers

rather indiscriminately, especially to all those which had a dis-

solved bone or rock as a base, even if some nitrogen or potash

had been mixed with it. To overcome this difficulty the term "Plain

Super-phosphate" came into existence to designate a dissolved phos-

phate which contained only phosphoric acid.

FLORIDA PHOSPHATES.

These phosphate deposits are of two general classes, viz: The

phosphates of lime and the phosphates of iron and alumina.

The Florida deposits, perhaps, have more commercial interest at

this time than those of South Carolina, as a large part of all the

rock fertilizers on the market are manufactured from the Florida

goods. There is very little difference in general composition and

characteristics between the deposits of these two States, except that

perhaps more of that from Floi'ida runs smaller in size, so that it is

popularly designated "Pebble Phosphates," There are both river and

land deposits of these pebble phosphates, as well as the land rock

phosphates. Florida phosphates wore discovered in the winter of

1881 by Francis LeBaron, a member of the United States Army Engi-

neer Corps, while surveying a canal route, from the headwaters of the

St. Johns river, in South Florida, to Charlotte Harbor. Mr. LeBaron

did not make the discovery public, but recognized the importance

and value of the "find," and confided the matter as a secret to a few

wealthy gentlemen. These capitalists were timid, if not skeptical,

and so did nothing. The public was not apprised of the existence of

the phosphate de])oists until 1888, and even tiien it excited but

little interest, for it was thought that the deposits were small

and confined to a limited area.

In 1888, Mr. T. S. Moorehead, of Pennsylvania, followed up the

discovery of LeBaron—information of which he had obtained in some
w'ay—and acquired possession of some of the richest of the Peace

river deposits and started mining in a small way. He made the first

shipment of phosj)hates that ever went out of Florida in May, 1888,

and the total shipment for that year was only 2,000 tons.

It is interesting to note that with the Florida deposits, as with

those of South Carolina, the first capital for the development was
ventured by people from Pennsylvania.

TENNESSEE PHOSPHATES.

The deposits of phosphates in Tennessee, from a commercial and

agricultural standpoint, to-day are next in importance to those

of the two States mentioned above. The deposits in Tennessee were

discovered in 1894. and they have been extensively explored and
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rapidly developed siuce that time. These deposits differ from those

of South Carolina and Florida in that it does not exist as pebbly

nodules or bowlders, but in veins and pockets. The deposits vary

in composition, yet many of the veins are very rich and relatively

pure phosphate of lime. This makes them a valuable source of

supply for the manufacturer.

PENNSYLVANIA PHOSPHATES.

The deposits of phosphates in Pennsylvania, as far as known at

the present time, are not very extensive, yet they give promise

of assuming some importance. Mr. T. S. Moorhead, of Port Royal,

president of the Tuscarora Valley Railroad, was probably the first

to call public attention to the existence of phosphate rock in Penn-

sylvania, in 1895. He sent numerous specimens of these deposits

to the Pennsylvania Experiment Station for examination, and a

detailed report of as much as was known of the extent and character

of the deposits up to that time was made in 189(1, in Bulletin No. 34,

of that Station.

Three classes of phosphates have thus far been discovered. The

first, a friable white rock, locally know^n as "white vein," and con-

tains from 29 to 54 per cent, of bone phosphate. The second con-

sists of red nodules and contains considerable iron and alumina

and an equivalent of from 45 to 52 per cent, of bone phosphate.

The third occurs in blocks which resemble blue limestone, and

contains about 40 per cent, bone phosphate of lime. Eight feet is

the thickest vein discovered as far as reported.

While these materials are of much lower grade than the phos-

phates of South Carolina, Florida and Tennessee, yet it is of con-

siderable importance, locally, and will be valuable for shipment to

nearby points.

Some idea of the amount of phosphate rock consumed annually,

can be gained from the following figures, which give the amounts

mined in the different States during the year 1900:

Region.

Florida

Tennessee
South Carolina,

North Carolina,

Pennsylvania, .

Total

Long Tons.

582,900

438.000

562,000

15,250

3,750

1,599,900
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VIRGINIA PHOSPHATES.

The Virginia deposits are attracting more or less attention at

this time, but thej' have not been extensively developed. They are

not unlike those of South Carolina in general composition, though

they contain rather more iron and less phosphoric acid.

APATITE.

Apatite is the name given to a mineral phosphate of lime found

in numerous localities. It occurs in the State of New York and

in very large masses in different parts of Canada. But, as usually

found, it is exceedingly hard and difficult to grind, besides being

badly mixed with other and worthless minerals. These objections

have prevented apatite from being extensively used in the manufac-

ture of fertilizers, although it is rich in phosphoric acid, sometimes

containing as much as 40 per cent.

CAPROLITES.

Caprolites, or coprolites, resemble, in most respects, the nodules

of the American phosphate deposits, but average smaller and

more even in size, ranging from one to four inches in diameter.

They are not common to this country, but are found in England

and France in quantity and are there used for making commercial

fertilizers by the thousands of tons. They are believed to be the

dung of extinct animals, clianged into a mineral form and worn

by water into their usual kidney shape. They also contain other

animal remains, such as teeth, scales and fish bones. They show,

by analysis, 25 to 30 per cent, of phosphoric acid.

PHOSPHORITES.

Phosphorites are another form of mineral phosphates closely

allied to apatites, and found in France, Germany and Spain, where

they are of commercial importance as fertilizer material.

There are extensive deposits of phosphatic substances in Eng-

land, France, Belguim and Russia, not especially described, because

having little effect upon the supplies of phosphates for America.

SLAG PHOSPHATE.

Slagphosphate^ Basic iron slag or Thomas slag-meal—^to these names

may be added Thomas Scoria and Odorless phosjjhate^ all given to

a waste material or slag, which is a by-product in the preparation

of steel, by what is known as the "basic process." The object of

this process is the extraction of phosphorus from pig iron, by means

of a basic lining of the converter invented by Jacob Reese. The
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product ul' the process is a substance coutaining 15 to 20 per cent,

of phosphoric acid. It is metallic in appearance, but may be ground,

forming a dark brown meal. The phosphoric acid is in combina-

tion chiefly with lime, us tetra-calcium phosphate; it is insoluble

in water, slightly soluble in ammonium citrate, and is, by ordinary

methods of analysis, classified largely as insoluble. Yet its condi-

tion is such that soil water, when charged with carbonic acid, will

dissolve it to a considerable degree. Thomas slag is largely used

and highly valued in Germany, and is the cheapest form in which

phosphoric acid can be obtained by the farmers of that country.

\Yaguer states that two compounds of this material, ground fine

(but no acid treatment), containing 18 per cent, phosphoric acid

and no other valuable plant food, and costing four and one-half

cents, produces the first year after its use, the same increase in

yield as one pound of soluble phosphoric acid from bone meal cost-

ing six and one-half cents. And in the second year the effect of

the Thomas slag was twice that of the other. These are important

facts, but the place of this slag phosphate among the commercial

fertilizers of this country has yet to be determined.

This material gets the name, by which it is best known in Europe,

from S. G. Thomas, of England, who claimed to be the prior in-

ventor of the basic process of making pure steel. This claim was

disputed by Jacob Keese, of Pennsylvania, and the courts of this

country have confirmed the claim of Rieese. The slag is now manu-

factured by the latter in large quantities at Pottstown, Pa., and is

sold under the name of Odorless Phosphate. This is the slag very

finely pulverized, but not treated with acid. An idea of the growth

of the consumption of slag phosphate may be gotten from the fol-

lowing report, showing its production

:

5S_a_1902
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TABLE 8.

Slag phosphate Produced.

Year. Tons.

1878,

1879,

18S0,

1881,

1882,

1883,

1884,

1885,

1886,

1887,

1888,

1889,

1890,

1891,

1892,

1893,

1894,

1895,

1896,

1S97,

1898,

1899,

1900,

1901,

4

MO
16,000

100,000

135.000

190, *U
259.000

283,495

412. »03

511.U4
685.970

682. S«o

783. »:4

720,134

800,660

874.000

896,301

934,235

962. OoO

1,033.002

1, 105, 000

1,250,120

1.462,325

1,700,000

BASIC SUPER-PHOSPHATE.

This is a class of super-phosphate that was introduced in the Eng-

lish market in 1900. It is made up of a mixture of slaked lime and

ordinary super-phosphate. The idea that led up to the making of

this mixture was caused by an effort to produce an alkaline phos-

phate with some of the characteristics of slag phosphate, but one

which would also give results on sandy and other soils that were

deficient in organic matter. This basic super-phosphate can also

be used on soils which are acid and upon which ordinary super-

phosphate (acid phosphate) gives poor results. In fact, the claim

is made for it that it possesses all the advantages of both slag phos-

phate and of acid phosphate.

The following laboratory experiments* show the relative solubilii/

of basic slag phosphate and the basic super-jjhosphate:

Experiments of John Hughes, originator of the ba^ic super-phosphate.
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RAW BONE, GROUND BONE OR BONE MEAL A^D DISSOLVED BONE.

Animul bones are composed of two distinct substances, which

interpenetrate one anotJier. There is a sort of- frame-work of earthy

matter, which is a substance containing- much nitrogen. Raw bones

are, therefore, doubly valuable for manurial purposes, because they

contain both phosphoric acid and nitrogen. As ordinarily collected,

bones contain from 50 to 60 per cent, of phosphate of lime and

from 5 to 7 per cent, of nitrogen. Fresh raw bones also contain fat,

and this is not only useless as a plant food, but it adds weight to

the bone and makes it hard to grind, and, when ground, the more

fat remaining in the bone the slower will be the decomposition in

the soil. To obviate this difificulty, bones are generally steamed,

or carried through some process to remove the fat, before they are

ground for fertilizers. Steamed or dessicated bones, if not too

strongly steamed, are better for fertilizer than raw bones. Some
nitrogen is lost by this i)rocess, but if carefully done, the gain

exceeds the loss. Bone meal is obtained by grinding the crude or

steamed bones, and it is valuable in proportion to the degree of

fineness to which it is reduced. According to its fineness, it is

variously called ground bone, bone meal, flour of bone and bone dust.

The finer it is, if used without acid, the easier it decays or dissolves

in the soil, and the sooner the chemistry of nature converts the (tri-

calcic) phosphate of lime to a form available to plants. Good
ground bone or bone meal should contain from 20 to 25 per cent, of

phosphoric acid and from 3 to 4 per cent, of nitrogen.

The demand for bones for use in various arts and especially in

refining sugar, is making this form of fertilizing material com-

paratively scarce in the market and correspondingly high in price.

If rates advance much, it will become unprofitable for farmers to use

bone fertilizers for their phosphates. The same causes lead to the

considerable adulteration of bone meal that is now found. Lime,

gypsum, coal aishes, ground oyster shells, crab shells and like ar-

ticles are used for this purpose as well as the less objectionable

mixing of fine-ground rock phosphate, all being sold under the name
of bone. When bone, ground bone or bone meal is treated with sul-

phuric acid, the product is the dissolved bone of our markets, also

knowm as acidulated bone, soluble bone and dissolved bone phos-

phate. This is simply an acid phosj)hate or super-phosphate, made
from bones.

BONE BLACK AND DISSOLVED BONE BLACK.

When broken bones are placed in a retort or iron cylinder, the

air being excluded, and then strongly heated, gas, water, oily matters

and other products are driven off, while black bone charcoal is left.
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This product, also known as bone black and animal cLarcoal, is

used extensively in sugar refineries for taking the coloring matter

out of raw sugars. From time to time portions of the bone char-

coal cease to be ellective in clarifying and the spent black is then

sold by the refineries for fertilizing purposes. All the phosphoric

acid originally in the bones is retained, but the presence of carbon

prevents the phosphate from decomposing. It is as "dissolved bone

black" that this article is generally found on the market. Dissolved

bone black contains a large proportion of soluble phosphoric acid

and a very small amount in the insoluble form.

BONE ASH.

The supply of bone ash comes mainly from South Africa, where

the bones of animals are used as fuel in extracting the fats from

the carcass. In the process of burning, all the organic matter is de-

stroyed, so that the nitrogen of the bones is lost. Bone ash contains

from 30 to 35 per cent, phosphoric acid, and in a form so insoluble

that this material is little used as a fertilizer until it has been treated

with acid.

At one time this source supplied considerable phosphoric acid and

was found on all markets, but at the present time little or none is

to be found.

PRECIPITATED BONE OR PRECIPITATED PHOSPHATE.

Every year large quantities of bones are treated with hydrochloric

(muriatic) acid for the purpose of dissolving the mineral matters

of the bone and of obtaining their ossein for use in the manufacture

of gelatine. To the clear solution of phosphate of lime in hydro-

chloric acid thus obtained is added enough milk of lime to neutralize

the acid and precipitate the phosphate. The precipitate is in the

form of a very fine powder and may, be used directly for fertilizing

purposes, or it is sometimes treated with sulphuric acid to render

the phosphates soluble as, precipitated, this material contains, on

the average, about 18 or 19 per cent, of phosphoric acid.

There is also some precipitated phosphates that come from other

manufacturing sources.

BONE TANKAGE.

Tankage is the residue remaining in the tanks used for boiling

cattle heads, feet and all sorts of slaughter house refuse.

Bone tankage represents an important source of phosphoric acid.

It is so closely related to raw bone or steamed bone as far as its con-

tents of phosphoric acid are concerned that it is not necessary to

say more here on that point. Tankage is also quite available as a

source of nitrogen or ammonia in making mixed fertilizers. There
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are six grades of bone tankage recognized in the trade: 1st grade,

containing 18 or 19 per cent, of phosplioric acid; 2d grade, 16 per

cent, phosphoric acid; 3d grade, 13^ per cent, phosphoric acid; 4th

grade, 11^ per cent, phosphoric acid; 5th grade, 9 per cent, phosphoric

acid, and 6th grade, 7 per cent, phosphoric acid. The nitrogen of

tankage increases as the percentage of phosphoric acid decreases.

OTHER ORGANIC SOURCES OF PHOSPHORIC ACID.

There are numerous other sources of phosphoric acid which may
all be included in the class of refuse or by-product materials. Dried

fish, which contains about 7 or 8 per cent, of phosphoric acid, is the

most important of this class. Cottonseed meal and castor pomace
are also important sources of phosphoric acid.

PHOSPHATIC GUANO.

There are two classes of phosphatic guanos; those which are

largely lime phosphates and another class which are largely iron

and alumina phosphates. Both these classes are called guanos

because they resemble one another very closely in general appear-

ance, and were probably of the same origin. These guanos were

formed from the dung of birds. The Peruvian guano was the first

to come into general use and it gave remarkably good results, but

it contained some nitrogen and potash, as well as phosphoric

acid. The other phosphates of this class, while resembling the

Peruvian guano much in appearance, yet were formed in rainy

regions, which w'ashed out the nitrogen and potash of the original

dung. The following are the principal phosphate of lime guanos:

Baker Island guano, which contains 65 to 85 per cent, of lime; How-
lands Island and Jarvis Island are both nearly as good. These three

islands are in the Pacific ocean. Majellones and Patagonia phos-

phates are both rich in phosphate of lime, and also contain some

nitrogen. The Mona Island, Navassa and Orchilla guanos contain

considerable phosphate of lime, but also have a marked per cent,

of iron and alumina phosphates, which places them in the latter

class as far as their value for manufacturing purposes is con-

cerned.

(2) IRON AND ALUMINA PHOSPHATES.

Very large deposits of phosj)hates of iron and alumina have been

discovered in many places of the West India Islands. They were

at first mistaken and shipped in large quantities for phosphate of

lime. Upon complete analysis their true nature was determined,

and because they were unsuitable for the manufacture of super-phos-

phates, giving, when treated with sul])hnri(' add. a sticky mass
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which was hard to handle, to dry aud prepare in a grod mechanical

condition, they w'ere denounced by many chemists as valueless for

fertilizing purposes.

The chemists, in stating that this class of phosphates was value-

less for fertilizing purposes, evidently went a step too far, for they

should have said that they were not suitable for the manufacture

of superphosphates. It is a notable fact, which some chemists evi-

dently overlooked, that the phosphoric acid which is found naturally

in the soil exists largely in the form of iron aud alumina phos-

phates.

While this class of phosphates are not adapted for making super-

phosphates and, consequently, are unpopular with the manufacturer

of chemical fertilizers, j'et it must be admitted, in the light of results

of numerous experiments, that they are valuable in the raw state,

if finely pulverized, as a direct fertilizer.

The following analysis gives a fair idea of the composition of this

class of phosphates:

Per cent.

Moisture, 12.36

W'ater of combination 4.13

Phosphoric acid,* 30.22

Lime, 4. 16

Mag-nesia Trace.
Oxide of iron, 7.04

Alumina
I

24.00

Carbonic acid,
I None.

Sulphuric acid
j

None.
Fluorine,

| Trace.
Insoluble matter, sand, etc., 18.09

100.00

Equal to 6*. 87 per cent, of tri-basic phosphate of lime.

FLORIDA SOFT PHOSPHATES.

This is probably the most important alumina and iron phosphate

to the States of the Atlantic ocean border at the present day, both

from an agricultural and commercial standpoint. There is consider-

able deposits of this class of rock in Florida. It is known as soft

phosphate because of the ease with which it is broken up and pul-

verized. As has been said, it is not well adapted for treatment

with acid for making soluble phosphates, as the alumina and iron

make a sticky mass w'hich is hard to dry and keep in a good me-

chanical condition. Hence, it has not been mined extensively or

had a large sale. Locally, this soft phosphate has had extensive

use in its natural condition. Its application has given good results

on sandy land, which '\ad been given heavy dressings of the native
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swamp aud lake muck. This muck furnislies nitrogen us well as

the much-needed organic matter. These phosphates have also given

good results on the "hammock lands."

ALUMINA AND IRON PHOSPHATE GUANOS.

As has been already mentioned, there is a large class of phosphates

which are derived from the dung of birds and sea fowls, which go

under the term of guano. These phosphates have more the appear-

ance of earth than of organic products. As originally formed,

of course, these were mostly phosphates of lime, but through the

action of the water, in conjunction with Hie rock and soil charac-

teristics of the islands, the lime has been replaced by alumina and

iron. Most of the phosphates from the islands off the coast of South

America and from the West India and Caribbean Islands belong to

the alumina and iron class.

They are popularly known under the name of the island on which

they are found, and the principal ones which are met with in agri-

cultural literature aud trade are as follows: Alta Vela, Caribbean,

Cuban and Kedunda phosphates or guanos, besides the Mona Island,

Navassa and Orchilla guanos already mentioned.

THE USE OF PHOSPHATES.

There seems to be but little doubt as to the need for the appli-

cation of phosphates when the amount that is being taken out of

the soil annually by crops is considered. It has been seen from

the matter on the preceding pages that there is an abundant supply

of phosphoric acid to draw from, and in quite a variety of forms,

so that it would seem possible to be able to comply in this respect

with almost every requirement of the soils and crops w^hich might

be presented. While most farmers seem to be aware that there is

a variety of sources of phosphates, yet they have not come to give

that consideration to the other phases of the subject as would

seem desirable in order that the different pliosphates might be used

most intelligently or with more profit. In this connection, the

following questions immediately arise in the minds of the farmer:

1st. Under what conditions is it possible to essentially increase

the returns from the soil by the application of phosphates?

2d. What kind of phosphates shall be used?

3d. How shall it be used or applied?

4th. How much shall be used?

These are all natural questions and ones to which every farmer

could well give more study. The first point to study in the con-

sideration of the question of the application of phosphates is the
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same that arises in connection with the use of any fertilizer, and

that is as to the consideration of the particnhir soil in question

and its requirements.

The cause for small returns from laud is not always a lack of plant

food, consequently this is the first point to be considered. Often

the plant sutlers from either one or a combination of the following

troubles:

1st. Gets thirsty from an insufficient supply of water.

2d. The soil is not properly aerated.

3d. From an insufficient porosity of the soil, whereby root develop-

ment is checked.

4th. From caking of the soil, which works harmfully and locks

up plant food.

5th. From the soil being impenetrable, which makes the soil wet,

with all of its attendant evils.

6th. From lack of humus or organic matter and, hence, the soil

is heavy and lifeless.

7th. From the soil being acid, which prevents normal plant de-

velopment and especially the growth of the beneticial micro-organ-

isms of the soil.

8th. Occasionally in the east, and often in the west, the soil is

overcharged with soluble salts, which prove harmful.

In short, there are many physical and chemical relations of the

soil or unfavorable conditions of the health of the plant which exert

an injurious influence on the proper development of the plant, and,

hence, cut down the yield.

In such cases, the plant seldom has need of a large addition of

food, and the first step toward an improved yield is to seek the

difficulty and correct that before considering what plant food to

supply and how to supply it.

There are many ways open to correct the difficulties enumerated

above, such as irrigation, drainage, deep culture, better plowing,

more thorough harrowing and pulveri^cation, mucking, liming, marl-

ing, etc. It is only by fully utilizing these means that the land

will be in shape to receive artificial applications of plant foods, and

that crops may use and benefit by such applications. In fact, apply-

ing artificial plant foods under many of these adverse conditions

actually works harm instead of good. Deep, well-tilled, well-drained,

non-acid loam containing a fair amount of organic matter or humus,

and under good weather conditions, offers the best circumstances for

a sure effect from the application of phosphates or any other plant

food, and every means which improves these conditions will con

tribute towards the success of such applications.

61
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How much phosphate to apply, as with other plain rooas, wni

depend upon the requirements of the crops grown with reference to

the soil in question.

Luxuriant plant growth or large crops and intensive soil culture

are s^-nonvmous with the rapid conversion of plant food into crops.

The demand for plant food must, therefore, be greatest where the

consumption is greatest as will be indicated by the yield of the

crop. This demand must be supplied, either from rendering the

natural plant foods of the soil available or else they must be supplied

through artificial applications. Hence, the quantity of phosphoric

acid to apply must be regulated with reference to the natural soil

supply and the requirements of the crops being growr.

From what has been said it must not be inferred that phosphoric

acid can only be applied advantageously on the better grades of

soils. This would be absolutely incorrect, for under favorable cir-

cumstances relatively larger results are secured from the appli-

cation of phosphates on poor and even neglected and exhausted soils,

but in such cases the applications should be made with greater pre-

caution and intelligence as the conditions are more special and entail

greater risks than on soils in better condition.

The points as to what kinds of phosphates to use in particular

cases and how to use it, will develop in connection with the discus-

sion of different phases of the subject as presented in the subse-

quent pages, and each person will need to study this portion of the

subject and make such application as may seem best under the par-

ticular circumstances with which it is being dealt.

POINTS AFFECTING THE AVAILABILITY OF PHOSPHATES.

The form in which phosphoric acid offers the best all-round ad-

vantage to the practical farmer is a very delicate and difficult one

to determine. Keasoning on the basis of the generally admitted

theory that all elements must be in solution before they can enter

into the interior of plants, it would then naturally follow that prefer-

ence will be given to those phosphates which are most readily soluble

or subject to dissociation. This will depend principally upon two

conditions

1. The form and general characteristics of the phosphate.

2. The nature and composition of the soil to which the particular

phosphate is applied.

In general, phosphates with the same chemical and physical char-

acteristics are equally valuable when used under like conditions,

no matter from what source they have been obtained. The many
factors which enter into the availability of phosphates can be con-
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sidered more in detail in connection %Yith the results of some experi-

ments treated of later in this bulletin, but a brief summary of the

principal points will be given in the following paragraphs.

THE INFLUENCE OF THE CHARACTER OF THE SOIL UPON THE
AVAILABILITY.

The kind and character of the soil may influence the ease and

rate at which plants may be able to use the phosphate which is ap-

plied. A soil which is open and porous, and which admits of a freje

circulation of air and water, presents more favorable conditions for

the crops using the phosphates than on a close, compact soil.

There is a marked dili'erence in the availability of phosphate

dependent upon the origin of the soil, and, hence, upon the chemical

and physical properties. Many phosphates will act well on clay

soils that are poorly adapted to the sandy soils, and some difference

is manifestly due to the different chemical properties of various

clay and sandy soils, dependent upon their origin.

THE EFFECT OF ORGANIC MATTER UPON THE AVAILABILITY OF
PHOSPHATES.

Organic matter exerts a marked influence upon the physical

properties of a soil and, hence, in this way alone, may aid in making
applications of phosphate available. The formation of humic acid

and humates also works beneficial results. Again, the organic

matter is constantly undergoing more or less decomposition and
thus giving oft' carbonic acid gas, which unites with the soil water.

Water so charged has a greater dissolving action upon phosphates

than ordinary rain water, hence, the presence of organic matter

may render many phosphates available which would be entirely use-

less in the same soil without the organic matter.

Some experiments conducted by Bretschneider to determine the

relative solubility of some phosphates in pure water and water

charged with carbonic acid show that one part of phosphoric acid

was dissolved in the several substances as follows

-
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Several investigators have tested the solubility of rock pho«phateg

in hiiniic acids and in humates of ammonia, and it has been shown

that the humic acids have really a considerable solvent power for

phosphates, which would seem to exjjlain the good elfect* produced

by certain phosphates on peaty or muck soils.

INFLUENCE OF THE KIND OF CROP UPON THE AVAILABILITY.

The root system and habit and periods of growth vary considerable

in different classes of crops, and hence their ability to get at and use

plant foods, which accounts for some crops using insoluble phos-

phates more readily than others.

For instance, some experiments seem to show that turnips possess

to an especial degree the ability to feed upon undissolved phos-

phates, while potatoes seem to have but little ability in this direc-

tion.

THE INFLUENCE OF THE SOURCE OF THE PHOSPHATE UPON ITS
AVAILABILITY.

As has been stated, the availability of a phosphate depends upon

the source and the relation which it bears to the soil, the crop and

the conditions under which it is applied. So that phosphate which

is available under one condition may be unavailable under another.

If the availability of the phosphate used depends upon the changes

which take place after it is applied to the soil, it will generally be

found that organic phosphates will act quicker than those of mineral

origin, as all organic matter is subject to decay and thus responds

to the action of the natural agencies which exist in most cultivated

soils. While the mineral phosphates are fixed and more or less

stable compounds, which, if not natural food for crops become so but

slowly, as they yield very gradually to chemical changes.

When the material is being used in a dissolved condition it makes

but little difference whether it is derived from the animal or mineral

source.

THE AVAILABILITY AND LASTING EFFECTS OF PHOSPHATES AS DE-
TERMINED BY MECHANICAL CONDITION OR DEGREE OF FINE-

NESS.

The finer or more highly sub-di\aded a material is the greater sur-

face it presents and, hence, the more easily is it acted upon by either

organisms of decay or dissolved by the soil water, or the solution

sent out by the roots of plants for the purpose of preparing plant

food.

The finer the material the more easily is it disseminated in the

soil and consequently placed in better position to be used by plants.

The chief ultimate value, as explained elsewhere, in reducing the

phosphate to a soluble condition is the fine division and great dis-

semination which they get in the soil by being reverted or precipi-

tated.
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There is no particular classification of most phosphates, particu-

larly the dissolved goods, with reference to mechanical condition,

but with raw bones all fertilizer controls adopt a standard of fineness

and base the valuation accordingly. The following are the stand-

ards and values in common use at this time:

standard of Fineness.
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yet if there is a reasonable time elapsed after the application

of (he lime and the lime had been thoroughly incorporated with

(he soil before putting on the phosphate it would seem from

(heory and also from the results of practice that the lime would

aid in the forming of more desirable compounds with the soluble

phosphoric acid than would be formed by a union of phosphoric

acid with either iron or alumina. Again, on land that has been

limed, the precipitation or reversion of the soluble phosphates would

take place promptly and thus prevent harm that might come from

the acid condition of the soluble phosphates when they come in

close contact with young tender roots of plants and germinating

seeds.

HOW SHALL PHOSPHATES BE APPLIED, BROADCAST OR IN THE HILL
OR DRILL?

The question is frequently asked as to how phosphates and, in

fact, fertilizers in general, should be applied. From what has al-

ready been said on the point of the desirability of thorough dis-

semination of phosphates of all sorts and of getting the soluble

phosphates incorporated with the soil so that reversion shall

promptly take place, and not subject the young and tender rootlets

to injury from the acid and soluble phosphates, it would seem that

there should be but little doubt but that the best way to apply

phosphates would be to broadcast them and to have the broadcasting

done so as to get as thorough a distribution as possible.

Again, in the case of the soluble, or acid phosphates, the principal

value ultimately gained by the treatment with acid is the obtain-

ing of the phosphates in a very finely divided state and getting it

widely disseminated. The full value of these points is only obtained

by broadcasting the fertilizer.

There is still another and very important point to consider in this

connection, and that is the means bj' which plants feed. Plants

obtain their food through the roots and the most active roots are

the young and fibrous ones. A study of the root systems of all

our common plants will be a great surprise to anyone who makes
tho shidy or examination for the first time. The area and depth

covered by the roots of all our plants will astonish most farmers

who have never considered the matter. When corn is but six or

eight inches high the roots of the plant will often be found to

be extended out tw^o or three feet in all directions, or to be running

from row to row and going much deeper than is ordinarily plowed.

The roots of a tobacco plant will almost always cover two or three

time as great a surface as the leaves of the plant can shade. Even
the roots of potato plants before maturity will extend from row
to row under the common system of planting.
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Now, taking these facts as to the root system into consideration,

it would seem to present another strong argument in favor of

broadcasting the fertilizer. Wide distribution also brings the phos-

phates in contact with a greater amount of soil waters and thus

increases their availability. In case of raw bone, broadcasting would

favor decomposition and the natural agencies for rendering it avail-

able. Putting bone, acid and other organic fertilizers in the hill will

often produce fermentation that will kill the germinating seed.

There are times and circumstances, however, when it probably

would be advantageous to apply phosphates, or even other fer-

tilizers in the hill or drill. Such cases would probably be caused

by the following considerations:

1st. When very small quantities were being used and it w'as only

desired for the purpose of giving the crop a rapid start, while the

natural fertility was suflficient for growing a good crop after it

was well started.

2d. Under some circumstances the application in the hill or drill

would have a tendency to retard the reversion of the soluble phos-

pliatLS and thus keep it for a longer time in a form more available

to certain crops. This consideration may obtain in some cases with

such crops as potatoes.

3d. The application of small quantities of phosphates and other

fertilizers (particularly kainit) will sometimes protect plants from

cut worms and root lice in the early stages of their grow^th.

Putting fertilizer in the hill has been likened to a man sitting

down on his dinner pail and then reaching out for his dinner in all

directions, but there is no doubt that in some cases and with

some plants it is just as easy for the roots to reach and feed on

the fertilizer in the hill as it would be for a man to utilize the

dinner under such circumstances.

Taking everything into consideration, it would probably be best,

under ordinary circumstances, to always apply phosphates broad-

cast and only put it in the hill when guided by special conditions.

THE AGRICULTURAL AND COMMERCIAL VALUE OF PHOSPHATES.

Notwithstanding the numerous explanations that have been made
in the agricultural press, in bulletins and by lecturers at farmers'

institutes, etc., of the difference between the agricultural value

and the commercial value of fertilizers, farmers are continually con-

founding the two values, and falling into the error that because

one fertilizer has a higher commercial value than another it must
necessarily have a higher agricultural or fertilizing value as well.

The commercial value of a fertilizer depends upon its abund-

ance, the ease with which it is produced and the amount being
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used, or, in other words, upon the ever-ruling elements in the

commercial world of "JSupplj and Demand."
The agricultural value depends upon the ability of the particular

fertilizer or phosphate in question to improve the fertility or pro-

ductive capacity of a particular soil. Hence, it will be seen that the

agricultural value, within certain limits, is not directly dependent

upon the commercial value (and vice versa), and is a value that

changes with dilierent soils.

To illustrate; suppose a particular class of soils contain all the

phosphates necessary for crops and that the application of any
more phosphates give no returns whatever in increasing yields. This

w.»uld mean that for that particular piece of land phosphates had

no value agriculturally; jet that would not affect the market or

commercial value of the phosphate. To illustrate further; sugar

lif!s a commercial value of |i00.00 per ton, while Dissolved SoutU
Carolina rock can be purchased for one-tenth that sum. From a

fertilizing standpoint, it is doubtful if an application of sugar would
have any effect on the yield of crops, while the phosphate might
double them, and thus have double the agricultural value of the

sugar. Again, clover hay, for instance, has double the fertilizing

and feeding value of timothy hay, yet the commercial or market
value of timothy hay is always the more.

The following is the commercial value of phosphoric acid in differ-

ent phosphatic materials according to the trade valuations in Penn-
sylvania in 1901:

a
3
o

5

Soluble phosphoric acid in bone fertilizers,

Soluble phosphoric acid in rock fertilizers

Reverted phosphoric acid in bone fertilizers

Reverted phosphoric acid in rock fertilizers

Insoluble phosphoric acid in bone fertilizers,

Insoluble phosphoric acid in rock fertilizers

Total phosphoric acid in fine raw bone, tankage and fish fertilizer

Total phosphoric acid Iq medium bone and tankage,
Total phosphoric acid in coarse bone and tankage,
Total phosphoric acid in cotton-seed meal
Castor pomace and wood ashes,

6

3

4Vi

2^
2

1%
8%
3

2%
4

4
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From these figures it will be seen that the commercial or trade

vaiue of 100 lbs. of soluble phosphoric acid in a dissolved bone would

be §5.00, while 100 lbs. in a dissolved rock would be but §3.00. From
an agricultural standpoint, in view of all the experiments which

have been conducted, the value of phosphoric acid from the two

sources would be exactly the same.

Again, the above valuations place a higher valuation upon the

total phosphoric acid in cotton-seed meal than that from bone,

whereas, when applied, probably there would be no difference so far

as phosphoric acid is concerned.

From what has been said it would be plain to every farmer that

he should buy a phosphate or, indeed, any fertilizer with reference

to the value it has to him in increasing the productive capacity

of his soil and not purchase solely upon the basis of commercial

valuations as represented by agents or tabulated analysis of fer-

tilizers.

THE DETERMINATION OF AVAILABLE PHOSPHORIC ACID IN SOILS.

The purpose of the agricultural chemical examination of soils,

from the earliest time when the science was employed in this way,

vva« to throw some light upon the relations of the various constitu-

enr.>s to plant growth and especially to determine the amounts
of the essential constituents which are in a condition to be used

by crops or. in other words, "available." There have been numer-

ous methods proposed for distinguishing between available and
unavailable plant foods in various kinds of soils, and this problem

has ocr-upied the attention of the best minds in agricultural chem-

istry for many years. No one element in this study has received

as much attention as the phosphoric acid.

At the present day there seems to be a general agreement that

the use of weak solutions or solvents give results that more nearly

correspond to the results obtained by cropping, yet there is much
di^Verence of opinion as to the proper acid or solution to use.

This condition, no doubt, is due to the variations in the eKeimGal

characteristics of the soils experimented upon.

The present status of the results obtained in this research would
seem to indicate that it is very improbable that a marked distinction

of any kind can be drawn between "available" and "unavailable"

compounds of phosphoric acid in the soil, for the reason

that is is not probable that any soil contains a compound or

group of compounds which can be wholly removed by plants or dis-

solved by an acid that is "available," before the remaining com-

pounds are attacked. From the very nature of the changes which

are taking place in soils, produced either by crops or natural agen-

cies, there mu^t be more or less change and re-arrangement of the

54—6—1902
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elements as different ones are attacked, thus making some phos-

phates available that Nveie previously unavailable, or even the reverse

may take place.

It is probable that of the many methods proposed that none

of them will be equally well adapted to all classes of soils owing

to tiie selective power of certain acids for different combinations of

pliosphoric acid, and they will attack different types of soils with

more or less vigor, but in the main the relative action of all acids

on all soils will be alike.

Hall and Plvmen have recentlv made an extensive research and

review of the methods proposed for available phosphoric acid, and

have reached the conclijsion that one per cent, solution of citric

acid gave results which are most in accord wath the known history

of soils. On soils well provided with carbonate of lime, there was

little difference in the results obtained with the different acids

tried.

With the present state of the perfection of chemical analysis

of soils it will still be necessary to put much reliance upon the re-

sults obtained by the practical use of the various phosphates in

connection with the growing of different crops upon a variety of

soils. Upon the following pages will be given brief summaries of

prominent experiments of this character.

EXPERBIEXTS WITH DIFFEEEXT FORMS AXD SOURCES OF
PHOSPHORIC ACID.

Almost as soon as the value of phosphoric acid began to be recog-

nized as an essential plant food, various experiments were conducted

as to the value of the phosphoric acid from different materials

and sources. These experiments have been repeated from time

to time under varying conditions and circumstances. The experi-

ments upon points which seem to have particular value to the

farmers in the United States are those conducted at the Pennsyl-

vania Experiment Station and at the Maryland Agricultural Ex-

periment Station. These two series of tests have been performed

upon two distinct classes of soils, which are representative of a

large percentage of those commonly cultivated, and the conditions

under which the tests were carried on are fairly representative of

ordinary farm practice. So the results would seem to have much

value for practical application.

Article on the determination of available Plant Food, Jour. Cham. Soc. , Jjond.. Jan.. 1902, pp.

117-144.
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EXPERIAfENTS AT THE PENNSYLVANIA STATION, WITH SOLUBLE,
REVERTED AND INSOLUBLE PHOSPHORIC ACID.

These experiments had for their object the testing of the value

of the dilTerent forms of phosphoric acid in actual crop production,

as coiiii)ared with their cost in the market. These experiments were

phiuned by Dr. W. H. Jordan, now director of the New York Agri

cultural Experiment Station at Geneva, and have been in progress

since 1883 or nearly twentv vears.

The soil of the plots used in this test is a so-called limestone

clay, formed from the decomposition of the surrounding and under-

lying rock, which is very largely magnesia and limestone. It has

the general appearance of a clay loam. Previous to the adoption

of this land to the experiments under consideration, it was farmed

under the general four or five years' rotation of that section, which

includes turning under a good sod every four or five years, and

thus the land contained a fair amount of organic matter. The
plots were laid out in the spring of 1883. In 1871) and 1881 the land

was in grass (clover and timothy) and in 1882 in potatoes. No man-

ure was applied to either crop. The first year the plots were seeded

to oats and no fertilizer of any kind was applied, so that some idea

could be gained as to the uniformity of the land. In the general

work the four year's rotation, common to that part of the State,

was adopted, viz: oats, wheat, grass, corn. The fertilizer was ap-

plied but twice in the rotation just previous to seeding to wheat
and planting to corn.

The last report made upon the results of these tests is contained

in the annual report of the Pennsylvania Experiment Station for

1895, and covers the v.ork for twelve years, or throe rotations. The
kind and amount of fertilizer applied is shown in I he followiui: tabh't
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A & G

B & H

C & I

D & J

E& K

F& L

TABLE 9.

Kind and Amount of Fertilizer Applied to the Different Plots.
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TABLE 10.

Average Yield Per Acre of Wheat of Plots.

o

Form in Which it Was
Applied.

Source of Supply.
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The value of the crop per acre for the different fertilizers applied

is shown in the following table:

TABLE 11.

o

Form of Phosphoric Acid Ap-
plied In Connection with

Nitrogen and Potash.
Source of supply.

c
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The value of the crop per acre for the different fertilizers applied

is shown in the following table:

TABLE 13.

Average Yearly Value of Hay per Acre.

Form of Phosphoric Acid Applied in Connection
Plot*. with Nitrogen and Potash.

C & I

B & H
A & G
D& J
E & K
F &L.

Form in which the

Phosphoric Acid
Was Applied.

Insoluble phosphoric acid Ground bone
Reverted pliosphoric acid, B ne black and lime,

Soluble phosphoric acid, Bone black

Insoluble phosphoric acid South Carolina rock.

No phosphoric acid,
j

Nothing

Value.

$1S 69

IS 33

17 59

17 41

13 84

18 38

CORN.

Taking the average for the three vears, 1880, 18'JU and 181)4, in-

soluble phosphoric acid (ground bone), was first in the yield of grain

and stover, reverted second in grain and third in stover, soluble

third in grain and second in stover, and insoluble (South Carolina

rock) fourth in grain and stover.

TABLE 14.

Average Yield of Corn Plots.
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The value of the crop per acre for the different fertilizers applied,

is shown in the following table

TABLE 15.

Average Yearly Value of Corn Per Acre.
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The value of the crop per acre and weight per bushel for the diller-

eut fertilizers applied, are shown in the following table

TABLE 17.

Average Yearly Value of Oats Per Acre.

o

Form of Phosphoric Acid
Applied in Connection
with Nitrogen and

Potash.

I

Form in which the

Phosphoric Acid
Was Applied.

c
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particular farm, but they were eo plauned and conducted as to make
the results applicable to most parts of this State, and of general

interest to agriculture wherever commercial fertilizers are used.

The general idea that pervaded the plan was to imitate nature and

get the land as nearly as possible in. the same condition it was when
a virgin soil and then continue to use nature's methods for main-

taining fertility.

It is well known from chemical analysis of soils that they contain

sufficient phosphoric acid to furnish all that is needed for good

crops for many years. It has also been shown that some soils

which fail to produce satisfactory crops contain more phosphoric

acid than those that are considered fertile. Now, this difference

in fertility must be due to a condition of availability.

An examination of the conditions which prevailed in virgin soils,

or in any soil that has just been cleared of its forest growth, soon

makes prominent the fact that nature has filled that soil with or-

ganic matter; this organic matter not only gives the soil a dark color

and fine physical appearance, but it also performs functions in pro-

ducing chemical changes that cannot take place in that same soil

were it destitute of organic matter. Again, we find that a virgin

soil will produce satisfactory crops for a number of years without

the intervention of commercial fertilizers, but about as soon as the

organic matter has been worked out, the soil fails to produce satis-

factory crops and the use of phosphates is resorted to.

Now, the phosphoric acid which these soils contained was not in

a form soluble in water, nor was it in the form of reverted or di-

calcium phosphates, but it was an insoluble phosphate of lime,

magnesia, iron or alumina. Though termed insoluble, yet this phos-

phoric acid was available to crops, through the chemical changes

made possible by the presence of organic matter and the com-

pounds formed through its decomposition. It was the water charged

with carbonic, humic and other organic acids, formed by the de-

composition of vegetable matter, that was able to dissolve the in-

soluble phosphates of the virgin soils and place them either directly

at the disposal of crops, or from such combinations as could be

De utilized thereafter.

As soon as the organic matter of the soil was used up, these favor-

able conditions no longer obtained, and crops could not avail of the

natural properties of the soil even though there was an abundance
present. Now, if nature's methods are observed again, it will be

noticed that wherever she is producing vegetation she has devised

means for depositing some vegetable matter in the soil in about

the same proportion as she produces.

Taking all these facts into consideration would it not seem reason-

able that, in order to avail properly of the phosphates contained
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uaturalh' in the soil, that it would be necessary to imitate nature's

methods and till the soil with organic matter. Then, again, could

not the phosphoric acid contained in the mineral phosphates be

rendered available in the soil through the agency of organic matter

if these phosphates were applied in their natural state, except

being pulverized? If these (juestions be answered in the aflfirmative,

and the farmer can arrive at an economical and satisfactory method
of providing the requisite amount of organic matter in the soil,

then it will be possible to avail of the phosphates already in the

soil, and thus, on some lands, make it unnecessary to purchase

phosphoric acid. When recourse to purchase becomes necessary,

then a cheaper form of phosphoric acid can be used and do away with

paying out so much money for dissolved or acid treated phosphates,

which, in the end, is practically a means of accomplishing or arriv-

ing at a mechanical condition.

These are the ideas that call for the planning and management of

the experiments outlined in the following program:

TABLE IS.

Phosphoric Acid Experiments.

(Plots One-Tenth of an Acre Each.)

S
Kind of Fertilizer and Treatment.

o
p.

a

C

1

2

3

4

5

6

7

8

9

10

11

12

13

14

IB

16

17

18

19

20

21

22

CRIMSON CLOVER SEEDED IN CORN.
Double super-phosphates (Soluble P2 O.-,)

Dissolved bone black (Soluble P. O5),

Dissolved South Carolina rock (Soluble P2 Osl
Double super-phosphates (Pj O5)
Nothing,
Iron alumina phosphate (Reverted P2 Os)
Bone black (Insoluble P2 O5),

Raw bone meal (Insoluble Pj O5),

Slag phosphate (Insoluble P2 O5),

Nothing
Ground South Carolina rock (Insoluble P2 O5)
Florida soft phosphate (Insoluble P2 O5),

CORN GROUND LEFT BARE DURING WINTER, NO GREEN
CROP TURNED UNDER.

Same as No. 8.

Same as No. 9

Nothing,
Same as No. 11,

Same as No. 12

RYE SEEDED ON CORN
Same as No. 8

Same as No. 9,

Nothing
Same as No. 11

Same as No. 12

GROUND.

32

73V6

100

37

37

Bl'/4

66%
92

53

56

66%
92

53

56

66%
82

5S

56

319

735

1,000

370

370

514

667

920

560

560

667

920

530

560

667

920

530

560

•These quantities give each plot the same quantity of phosphoric acid (150 pounds per acre,

which waj> determined by analyzing the materials used).
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The piece of land used for these experiments lies north of the

Experiment Station buildings and along the fence west of the pike.

This laud is a moderatelv stilt" clav, naturally quite well drained,

though fairly level. The general character of the plots runs quite

uniform, in fact more so than most pieces of like area in this

formation. This land is of water formation and contains iron and

alumina and is very deficient in lime.

The history of the cropping of the land used for this test was, so

far as known, as follows: In 1888 there w'as a poor stand of grass

and weeds on this land, which was plowed down and seeded to

wheat, w^hich was harvested in 1889; grass 1890-91; corn 1892; fal-

lowed 1893, and in wheat 1891—clover and timothy seeded in wheat

and gave a good set.
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DISCUSSION OF MARYLAND STATION RESULTS.

The matter of drawing conclusions from results obtained from

plot experiments is always attended with more or less uncertainty,

as soil and weather variations will often bring about what may seem

to be contradictions. There are, also, often uncontrollable and

unnoticed errors produced by the depredations of birds, mice, in-

sects, etc. While these may be very small in themselves, yet when
the error is multiplied to represent yields per acre, it may amount
to considerable. In order to obviate some of these difificulties,

there has been no report made on the experiments under discussion

until they have been through five years, and covered several kinds

of crops. Even a longer period than this would be desirable, as

it would probably serve to confirm some conclusions and to eliminate

some doubtful points. These tests will be continued for some years.

The quantities of phosphoric acid applied in these tests are rather

more than was necessary and more than would be found economical

in practice, but it was thought best in planning the experiments

to have an excess present and so endeavor to make the results more
pronounced, than to attempt to run on the basis of greatest profit.

It was the principles of phosphoric acid fertilization that were de-

sired to be established rather than the limits of the soil require-

ments.

Nothing Plots (Nos. .5, 10, 15, 20). An examination of Table 19,

page 62, shows that the average total product from the plots re-

ceiving no fertilizer was considerably below the average yields of

all the plots which were fertilized. With some crops there was
little increase in the yield through fertilization, and in a few in-

stances the nothing plots made a slightly higher yield than those

fertilized. This is notably the case with corn. The unfertilized

plots of corn made a better average yield than those receiving the

soluble phosphoric acid with rye turned under. The failure of the

phosphoric acid plots to outyield the nothing plots was probably due,

in a measure, to the phosphate being very available to the plant,

over-stimulated it in the start, and this produced in the plant a

condition which made it not so able to withstand the period of

drought later in the season and at a time when the grain was form-

ing and there was greatest call for food and activity. This is borne

out in a measure by a comparison of the detailed yields as given in

Table 19, v.ith the rainfall for that period. There is also a proba-

bility that the soluble phosphoric acid, when it entered the soil,

was precipitated and formed unions which were not available to the

crops, but this condition would not likely produce a decrease in the

yields. All of the fertilized plots made very decidedly larger yields
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01 wheat than the noticing plots, which would seem to show that the

feeding habit of wheat is very different from corn and that it par-

ticularly benefitted by the addition of phosphoric acid.

Soluble PkoxphoriG Acid (Nos 1, % 3). The figures in Table 19 show
that all the other forms of phosphoric acid gave higher total yields

in five years than the soluble phosphoric acid, except oh the plots

where rye was turned under. The slightly higher total yield in the

case of the rye turned under is accounted for in the corn crops, and

is probably due to the rj-e decomposing slowly and causing the

soil to dry out easily, have a poor physical condition and thus suffer

from drought. Soluble phosphoric acid seems to be particularly

beneficial to wheat where it gave the highest average yield. The

probable failure of soluble phosphoric acid to give good yields on

corn has been discussed under the nothing plots.

A comparison of the different sources of soluble phosphoric acid

shows the total yield to stand in favor of the most concentrated

fertilizer, or in the order of the plot Nos. 1, 2, 3. The wheat yield

was in favor of the dissolved bone black, and hay was best on the

dissolved South Carolina rock plots. This was probably due to

the action of the sulphate of lime in the dissolved goods, liberating

and forming available combinations with the potash in the soil.

Reverted Phosphoric Acid (Nos. 4 and 6). Reverted phosphoric

acid gave better total yields for the five crops and better average

yields in corn and hay, than soluble phosphoric acid, though not

quite so large a yield of wheat. This would seem to confirm the

popular idea that reverted phosphoric acid has as great an agri-

cultural value as soluble phosphoric acid. A comparison of reverted

phosphate of lime and reverted phosphate of iron and alumina show
in every instance with every crop to be in favor of the reverted phos-

phate of iron and alumina.

Insoluble Phosphoric Acid (Nos. 7, 8, 9, 11, 12, 13, 14, 16, 17, IS, 19,

21 and 22). An examination of Table 19 shov^-s the average yield

of five insoluble phosphoric acid plots (Nos. 7, <S. 9, 11 and 12) to

have produced considerably more grain than either the soluble or

reverted forms of phosphoric acid ,but the amount of fodder was
slightly in favor of both the latter. The total product (grain plus

the fodder) was more on the insoluble than on the soluble phosphoric

acid plots, and within forty-two pounds as much as the reverted phos-

phoric acid. The value of these results is still further advanced
when it is considered that the price of the insoluble phosphoric acid

was only about one-half as much as that obtained in the soluble and

reverted forms. The above comparisons include only Plots 1 to 12,

as these were treated uniformly with respect to turning under crim-

son clover, green.
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A comparison of the different sources of insoluble phosphoric acid

as given by the tigures in Table 19, page G2, shows slag phosphate

to have produced the larger total yield (also a larger yield of both

grain and fodder) than either soluble or reverted phosphoric acid.

Bone meal produced a little more grain than any other form of in-

soluble phosphoric acid, but the cost per pound of plant food was
about 50 per cent, more than that in the slag and three times as

much as that in the South Carolina rock and Florida phosphates.

The insoluble phosphate of lime, as furnished by the South Caro-

lina rock, gave better results than the insoluble phosphate of iron

and alumina as furnished h\ the Florida soft phosphate.

GREEN CROPS FOR TURNING UNDER WITH INSOLUBLE PHOSPHATES.

In order to test the value of green crops, or vegetable matter,

for rendering insoluble phosphates available, four plots had crimson

clover seeded in corn for turning under; four plots had rye in the

same manner, while four others had no green crop turned under and

were allowed to remain bare during the winter. These plots showed

the average results to be considerably in favor of the crimson clover

for this purpose. Part of the advantage of the clover no doubt ex-

isted in the nitrogen w^hich it furnished and also in the available

plant food which it brought from the sub-soil. The clover decom-

poses rapidly and aids the physical condition of the soil. The rye

used seems to have been a disadvantage and did not give as good

yields as when no green crop was used. This was particularly the

case with the corn crop. The disadvantage rested, probably, in the

rye decomposing slowly and thus producing a bad physical state at

times and making the corn crop suffer from dry weather.

There is one fact worthy of note, though not directly concerning

the experiment under discussion, and that is that by turning under

a large amount of leguminous crop like crimson clover, corn can

be successfully grown for a number of years in succession with in-

creasing yields.

CONCLUSIONS FROM THE MARYLAND STATION EXPERIMENTS.

In the matter of drawing conclusions it is always well to be

cautious and to err, if at all, on the side of conservatism. This

policy is particularly w^ell adapted with reference to the applica-

tion of the results which have been obtained in the experiments

under consideration and in using the conclusions that may be

drawn.

There is no doubt that the results, as shown by the total product

of the crops for five years (last column, Table 19, page 62), are, at
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variance with the principles commonly taught and practice gener-

ally followed in the matter of fertilization. With these considera-

tions it would be well for those persons who desire to apply these

results or use any different source or form of phosphoric acid from

that which has been successfully and satisfactorily used in the

past, to do so on a limited scale in order to be satislied that these

results will hold under the new and different conditions which

may surround each particular case.

The average total results, as given by the figures in Table 19, page

62, show that insoluble phosphoric acid, that is phosphates which

have not been treated or dissolved in sulphuric acid (oil of vitriol),

have more pounds of crop, both straw and marketable grain, than

the phosphoric acid in the soluble and reverted forms; that is, in

phosphates which have been dissolved iu sulphuric acid. Not only

has the yield produced by the insoluble phosphoric acid been greater

than that produced by the soluble phosphoric acid, but the cost

has been only about one-half as much.

The results obtained show that crops are able to use the insoluble

phosphoric of South Carolina rock, notwithstanding the preaching

and contention of most fertilizing manufacturers.

The results show that slag phosphate (which is mostly a tetra-

phosphate of lime, classed by some as available to crops, yet classed

by the American Official Methods of Analysis as mostly insoluble

phosphoric acid), gives a greater total yield than any of the other

insoluble phosphates. The yield of corn (grain), though not quite

as much with slag phosphate as with bone meal, yet was greater

with wheat and grass. All yields were produced at a less cost with

slag phosphates than with bone meal.

Bone meal was the best form of insoluble phosphate for corn,

but its accumulative and supposed lasting effects did not show on

the wheat and grass. Bone meal has also had an advantage over the

other phosphates in furnishing some nitrogen.

The results obtained show crimson clover to be the best crop to

use for obtaining organic matter in the soil in order to procure the

best results with the insoluble phosphates.

SUMMARY OF PRINCIPAL, RESULTS OBTAINED FROM THE MARYLAND
STATION EXPERIMENTS.

1. All forms of phosphoric acid produced an increase of crop.

2. The average total yield of the crops fertilized with insoluble

phosphoric acid was greater than those with the soluble and re-

verted forms of phosphoric acid.

55_fi_l902
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3. Reverted phosphoric acid gave a greater total yield than soluble

phosphoric acid.

4. Reverted phosphate of iron and alumina gave a higher yield

than reverted phosphate of lime.

5. Soluble phosphoric acid gave slightly higher yields of wheat

(grain) than phosphoric acid in any other form.

6. Concentrated sources of soluble phosphoric acid gave better

results than the low grade sources.

7. Untreated South Carolina rock gave a higher total yield than

dissolved South Carolina rock.

8. Slag phosphate produced a greater total yield and at less cost

than the average of the soluble phosphoric plots and the bone meal

plots.

9. Insoluble phosphoric acid from slag, produced a greater yield

than the insoluble phosphoric acid from South Carolina rock and

Florida soft phosphate, but at greater cost than the two latter.

10. For the best results with insoluble phosphates, it is desirable

to have the laud well filled with organic matter. Of the methods

tested, crimson clover w^asthe best means of obtaining this.

EXPERIMENTS OF THE OHIO STATION.

Tests have been conducted by the Ohio Agricultural Experiment

Station upon the value of different sources of phosphoric acid, at

three points in the State, viz: at Wooster, Strongsville and Coi am-

bus. The materials used in this test were raw bone meal, dissolved

bone black, acid phosphate and basic slag phosphate.

The materials were applied so as to give each plot of ground the

same number of pounds of phosphoric acid. The plots also received

applications of nitrogen and potash. The quantities were the same
for each plot.

The crops used in the test were corn, oats, wheat and hay, grown
in a five and three-year rotation.

The results, as obtained so far, are summarized in Bulletin No. 110,

pages 6.5-67, of the Ohio Experiment Station. The following are

the summarv tables:
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TABLE 20.

Value of Average Incre-ase From Different Sources of Phosphoric Acid.
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TEST MADE BY THE MAINE EXPERIMENT STATION.

The Maine Experiment Station has studied the availability of dif-

ferent sources of phosphates from two standpoints. 1st. The rela-

tive producing capacity of dill'erent forms of phosphoric acid in

growing the crops commonly used in the rotation in use in that

section, and 2d. Testing the relative ability of dill'erent classes of

crops to use dilTerent kinds of phosphates.

The experiments conducted under the first head have had the

results reported from 188G to 1891. Since that time no results have
been given in any of the Station publications. The summary of the

results of the test are given in the Station Annual Report for 1891,

page 129, from which the following table is copied:

TABLE 21. ,

Yield per Acre of Plots Fertilized with Different Forms of Phosphoric Acid, To-
gether With Those of Plots Receiving no Phosphate.
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the falling off in the yield of the commercial manures and their

lack of organic matter would probable be accountable for the in-

soluble phosphoric acid of the South Carolina rock falling behind.

At least, the experiments reported on previous pages by other sta-

tions would indicate this fact.

EXPERIMENTS BY THE MASSACHUSETTS STATION.

The Massachusetts Experiment Station has conducted two classes

of experiments with ditferent forms and sources of phosphates. In

the first test the phosphates were applied on the basis of equal money
value and in the second test so as to have the same number of pounds

of actual phosphoric acid per acre.

The first series of experiments were commenced in 1890 on a soil

which was well exhausted of available fertility. Previous to 1887

the land had been in meadow for a number of years. This meadow
was well worn out and yielded but little. From 1887 to 1890 the land

was cropped in corn, Hungarian grass, cow peas, vetch and serra-

della, receiving no manure or fertilizer of any kind. The soil was a

fair sandy loam. The following table gives the quality and analysis

of the phosphates used:

TABLE 22.

Showing Schedule of Fertilizers Used in the Experiments Conducted by the

Massachusetts Station.

«

B
3
a

(k

Kind of Phosphate.

m
o
J3
Pi

G a

o

o.

Ph

0)

to

1

2

3

4

4

No phosphate
Slag phosphate •.-.

Mona Island guano,
Florida soft phosphate, ..,

South Carolina phosphate.

Dissolved bone black

19.0

21.9

21.7

27.6

15.8

S96

903

917

546

•The quantity varied from year to year with the marltet value.

tThe no-phosphate plot was not used at the beginning of the experiment, but added in 1895.
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In addition to the phosphates each plot received an application of

about 300 pounds of nitrate of soda, 400 pounds potash magnesia

sulphate per acre. These quantities were continued until 18D3 and

since that lime have been made very much larger though uniform for

all the plots.

The applications of phosphates were continued annually until 189o

and since that time none have been used. The object of withholding

jjliosphate Avas to test their lasting effects. Subtracting the amount
of phosi»horic acid removed by the crops harvested from that applied,

there should have remained in the soil at the end of 1901, about the

following quantities of phosphoric acid per acre:

TABLE 23.

Showing- Quantity of Phosphoric Acid Remaining in the Soil at the End of

Ten Years Cropping.

Kfnd of Phosphate.

a
c
3
o
a,

Slag phosphate
Mona Island guano
Florida phosphate,

South Carolina phosphate
Dissolved bone black, ...

876

208

927

714

66

The crops which have been raised on the plots in the order of their

succession are potatoes, wheat, serradella, corn, barley, rye, soja

beans, Swedish turnips,* corn, oats and cabbage.

Representing the 3'ield of the plat giving the highest return by

100, the relative efficiency of the phosphates at the beginning of 1902

stood as follows:

Per cent.

Slag phosphates, 100 .

Ground South Carolina rock, 92.3

Dissolved bone black, 90.7

Mona Island guano, 88.3

Florida phosphate, 71.5

In 1898 these plots were all limed at the rate of one ton per acre of

quick lime. The slag phosphates which contains considerable Vnw

•Swedish turnips were a failure on account of dlEease and the results of this crop were not

used In computing the relative yields.
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had a relatively higher efficiency than the other phosphate r before

the application of the lime in 1898.

Prof. H. P. Brooks in discussing the results obtained in these ex-

periments remarks as follows: "Attention is called to the fact that

the crops oo these plots in recent years have not been satisfactory

in amount even in the best plots. The fact that no phosphoric acid

in any form has been applied during the last nine years sufficiently

accounts for this relatively small yield. The results, however, indi-

cate a relatively high degree of availability for the phosphoric acid

contained in South Carolina rock and in phosphate slag. There can

be no doubt that profitable crops of most kinds can be produced by

the liberal use of these natural phosphates; and in a long series of

years there would be a considerable money-saving in depending, at

least in part, upon these rather than upon the higher-priced dissolved

phosphates."

SECOND SERIES OF MASSACHUSETTS STATION.

In the second set of tests of phosphates the application has been

made so as to give each plot the same quantity (1)G lbs. per acre),

actual phosphoric acid. The plots so far have had annual applica-

tions. In addition to the phosphoric acid, each plot has received,

yearly, nitrogen at the rate of 52 lbs. per acre and potash at the rate

of l.o2 pounds per acre. This test has been in progress four years

and has been cropped as follows: Corn, cabbage, corn and in 1900,

two crops harvested, oats, hay and Hungarian grass hay.

The following are the kinds of phosphates used in this test:

Plot No. Kinds of Phosi)hate.

1, No phosphate.

2, Apatite.

3, South Carolina rock.

4, Florida soft phosphate.

5, Slag phosphate.

6, Tennessee rock.

7, No phosphate.

8, Dissolved bone black.

9, Raw bone.

10, Dissolved bone black.

11, Steamed bone meal.

12, Dissolved phosphate rock.

13 No phosphate.
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No details of yields for each year have been reported, but tbc re-

sults so far have been stated by Prof. Brooks as follows:

1. The blag phosphate evidently furnishes phosphoric acid in an

exceedingly available form, the yield being almost equal to dis-

solved bone black.

2. Florida soft phosphate is apparently a very inferior material,

the phosphoric acid evidently becoming available only with great

slowness.

3. Steamed bone meal appears to be inferior in availability to raw
bone meal.

TESTING THE RELATIVE ABILITY OF DIFFERENT CROPS
TO USE VARIOUS FORMS AND SOURCES OF PHOSPHATES.

This is a subject which has been given considerable attention by

the Maine and Cornell Experiment Stations. The study has been

conducted both in the field and in pot experiments.

These experiments, which have been made in the pots or boxes

with sand and artificial soils, while instructive in showing the rela-

tive ability of different plants to use various phosphates, yet they

have been conducted under such abnormal conditions that the re-

sults obtained can not be applied in regular field practice. Par-

ticularly is this true in the use of the insoluble phosphates which

have been found to be most available upon soils which contained

considerable organic matter.

The first: test conducted by the Maine Station was made in the

field on the farm of H. L. Leland, at East Saugerville, on a slaty

gravel soil. The detailed results of this test are given in the Annual
Report of that Station for 1891, page 142. Part of the growing

season was verv drv, which materiallv interfered with the vields ob-

tained and no doubt to some extent with the results in general.

The following table shows the crops and phosphates used in the

test, with the results obtained:
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TABLE 24.

Showing Plants and Fertilizers Used and Resijlts of the Same in Tasting the

Ability of Plants to use Different Phosphates.

Crop.

Plot

Plot
Plot

Plot

Plot

Plot

Plot

Plot
Plot

Plot

Plot

Plot

Plot

Plot

Plot

Plot

Plot

Plot

Plot

Plot

1—Clover, ...

2—Oats,
3—Peas,
4—Turnips, .

5—Wheat, ..

6—Beans,
7—Potatoes,

8,

9—Corn
,

10—Barley, . .

,

Id—Clover, .,

2d—Oats, ....

Sd—Peas, ...,

4d—Turnips, ,

5d—Wheat, ..

6d—Beans, ...

7d—Potatoee,
8d

9d—Corn
lOd—Barley, ,

500 Lbs. Dissolved
Bone Black and 100

Lbs. Nitrate of

Soda per Acr«.

Fair,

Total crop,

Total crop,

Total crop,

Total crop.

Total crop.

1,000 LbB. South Caro-
lina Rock and 100

Lbs. Nitrate of Seda
psr Aer».

115 lbs.,

106 lbs.,

351 lbs.,

120 lbs.,

63 lbs.,

228 lbs..

Best at close of season.

Total crop.

Total crop.

Total crop,

Total crop.

Total crop.

80 lbs.,

110 lbs.,

369 lbs.,

105 lbs.,

62 lbs.,

210 lbs.,

50O lbs., Caribbean
Sea Guano and 100

Lbs. Nitrate of

Seda i»ar A«re.

Failure, ..

Total crop.

Fair
Total crop, 111 lbs.,

Total crop, 97 lbs..

Total crop, 340 lbs.,

Total crop, 119 lbs..

Total crop, 66 lbs.,

228 lbs.,

80 lbs..

Failure

Total crop, 75 lbs., ...

Best at close of season.

Total crop,

Total crop.

Total crop.

Total crop.

83 lbs.,

103 lbs..

361 lbs.,

102 lbs.,

72 lbs.,

211 lbs..

Failure, . .

.

Total crop. 77 lbs.,

Failure, . .

.

Total crop. 78 lbs.

Very poor.

Total crop,

Total crop.

Failure.

Total cr«p.

Total crop,

75 lbs.

61 lbs.

65 lbs.

54 lbs.

153 lbs.

Failure.

Total crop,

Very poor.

Total crop.

Total crop.

Failure.

Total crop.

Total crop,

64 lbs.

70 lbs.

52 lbs.

61 lbs.

43 lbs.

146 lbs.

Failure.

Total crop. »2 lbs.

An examination of the yields of the different crops shows that the

dissolved bone black has given, with the majority of them, the

largest return and the Caribbean sea guano the least.

With peas and turnips South Carolina rock seems to have been

more effective than dissolved bone black. This point is brought

out quite sharply. The fact that turnips respond to manuring, with

some crude phosphate, has been noted by other experimenters.

The results obtained in this experiment with South Carolina rock

on peas agree very closely with the results obtained from all other

experiments made by the Station covering this point.

Box or pot experiments upon this subject have been in progress

at the Maine Station for some years. This work was started by

Prof. Walter Balantine and continued by him until his death; since

that time the work has been continued by Prof. L. H. Merrill. The
first report upon the subject was made in the annual report for 1893,

and the last reported up to this time is in the report for 1898, page 64.

The following description of the plan of the experiment and the

results obtained are copied from the Fourteenth Annual Report of

the Maine Station, pages 66 to 74:

PHOSPHATES USED IN BOX EXPERIMENTS.

In the experiments here recorded, three forms of phosphates were

used.

53
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1. Acid Florida Kock.—This was prepared by treating; a. Florida

phosphatic rock with sulphuric acid, thereby converting a large part

of the phosphate into an available form. At the beginning of the

first experiment this phosphate had the following composition: 20.GO

I)er cent, total phosphoric acid, of which IG.OO per cent, was avail

able (19.97 per cent, soluble, 1.93 per cent, citrate soluble). In the

later work it was found that the composition had changed some-

wliat, but the amount of available phosphate remained about the

same.

2. Crude, finely ground Florida rock (floats), containing 32.88 per

cent, total phosphoric acid, none of which was soluble, with only

2.46 per cent, soluble in ammonium citrate. This was obtained from

the commercial ground rock by stirring it with w^ater, allowing the

coarse particles to subside and then pouring ofT the tuibid water.

The "floats" used in this experiment consisted of the sediment de-

posited from these washings.

3. A phosphate of iron and alumina (Redonda). The first sample

used contained 49.77 per cent, phosphoric acid, a large part of which,

42.77 per cent, was soluble in ammonium citrate. The Redonda.

underwent such rapid changes in the intervals between the experi-

ments that it became necessary to prepare fresh quantities at each

successive planting. The analysis given above is fairly representa-

tive of all.

Twenty grains of the floats, containing 6.58 grains total phosphoric

acid, were used for a single box. The other phosphates used were

first analyzed and such quantities used for each box that the total

quantity present was in each case the same, 6.58 grams. The actual

amount of available phosphoric acid thus supplied to each box by the

various phosphates were: By the acid rock, 5.39 grams; by the floats,

.49 grams; by the Redonda, 5.67 grams.

DETAILS OF THE EXPERIMENT.

The experiments were conducted in one of the green-houses, the

plants being grown in wooden boxes, fourteen inches square and

twelve inches deep. When filled to within one and one-half inches

of the top, the boxes contained 320 pounds of sand. The sand used

was taken from a knoll near the river, at a depth of three or four

feet, and was nearly free from organic matter. Traces of phosphoric

acid were present, but this was in the insoluble form, and the

quantity in each box was the same, its presence is not considered ob-

jectionable. The sand was carefully screened before being used,

and thoroughly mixed with the phosphates and other plant foods.

In each period twelve boxes were used for each kind of plant.

In the first box the acid rock was used; in the second, the un
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treated Florida rock, or "floats;'' in the third, (he phosphate ol

iron and alumina, or Kedonda; the fourth box received no phos-

phate. Tiie next four boxes were treated in the same manner and

so on to the end. Thus, it will be seen that for each kind of plant

there were three boxes which received exactlv the same treatment

In addition to the phosphates, each box received ten grams sodium

nitrate, five grams potassium chloride and five grams magnesium
sulphate. In the boxes where the Redonda was used, ten grams

calcium sulphate were also added. It was intended to supply all

the elements essential to the healthv development of the plants,

except that every fourth box receivd no phosphate. xVll the other

conditions were made as uniform as possible in order that the

differences in growth might fairly be attributed to the differences in

phosphates used.

KINDS OF PLANTS GROWN.

Eighteen species of plants were chosen, representing seven orders:

Peas, horse beans, clover and alfalfa (Leguminosae); turnips, ruta-

bagas, cauliflower and kohlrabi (Crusiferae); barley, corn, oats and

timothy (Graminae); tomatoes and potatoes (Solanaceae); carrots

and parsnips (Umbelliferae); buckwheat (Polygonaceae); sunflowers

(Compositae).

It was intended to carry each plant through three periods of

growth, but the clover, the common red species (T. pratense), could

not be matured in the time required for the other plants, and but

two crops were grown. The sunflower and buckwheat did not

thrive under the conditions of the experiment, and after a single

trial were replaced by carrots and parsnips, which were grown for

the two following periods. The seed was carefully selected, that

only being used which was well formed and of uniform size. Of the

larger plants, four or five were grown to each box. The smaller

plants were thinned so that the number to each box was uniform

for that plant. Such leaves as ripened before the plants matured

were removed, dried and added to the plants when harvested. No
attempt was made at the pollination. As very few insects were

present during the growth of the plants, the fruiting, as might

have been expected, was very irregular. As soon as the plants

seemed to have attained their maximum development, they were har-

vested, dried, weighed and the total amount of dry matter determined

for each crop grown. In the diagrams that follow the average pro-

duction for a single period is shown, the heavy lines representing

the relative weights of dry matter, and the last column the weights

in grams.



876 ANNUAL^ REPORT OF THE Off. Doc.

TABLE 25.

Diagram Showing Relative Weights of Dry Matter of Plants Grown With Phos-
phoric Acid P^rom Different Sources.

Crops.

Peas,

Horse beans.

Clover,

Alfalfa,

Turnips,

Rutabagas,

Cauliflower,

Kohl-rabl.

Barley,

Corn.

Oats,"

Timothy,

Phosphate.

Acid rock
Floats

Rednnda
No phosphate,

("Acid rock

{ Floats

J
Redcnda

[No phosphate,

Acid rock
Floats

Redcnda
[No phosphate.

Acid rock,

Floats

Redonda
No phosphate,

fAcld
rock

Floats

Redonda,
No phosphate,

Acid rock
Floats,

Redonda,
No phosphate,

iAcid
rock

Floats

Redonda
No phosphate.

Acid rock
Floats
Redonda
No phosphate,

f Acid rock

[ Floats

Redonda
[ No phosphate,

fAcid rock, ....

-' Floats
Redonda
No phosphate,

(Acid rock
Floats,

Redonda,
No phosphate,

fAcid
rock

Floats

Redonda
No phosphate.

Comparative Scale.

E
t

I

M
0)

167

122

94

87

269

128

118

217

169

126

8S

107

97

87

SO

222

202

187

119

152

145

122

64

17(

167

107

62

232

209

172

130

338

171

186

146

218

85

98

31

662

307

3S0

319

410

329

346

353
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Crops.

Tomatoes,

Potatoes,

Carrots,

Parsnips,

Buckwheat,

SunflowerB,

Turnips, roots.

Rutabagas, roots,

DEPARTMENT OF AGRICULTURE.

TABLE 25—Continued.

877

Phosphate. Comparative Scale.

Cauliflower, edible por-

tion.

Kohl-rabi, edible portion.

Potatoes, tubers.

Carrots, roots.

Parsnips, roots.

Acid rock
Floats,

Redonda
No phosphate,

("Acid rock,

{ Floats

I

Redonda
[No phosphate.

Acid rock
Floats
Redonda
No phosphate,

'Acid rock

Floats
Redonda
No phosphate,

("Acid rock,

-j Floats

Redonda
No phosphate,

j

Acid rock, '

Floats,

Redonda,
No phosphate.

Acid rock
Floats

Redonda, '

No phosphate,
j

("Acid rock
J Floats
Redonda,

[

[no phosphate.

Acid rock,

Floats
Puidonda,

No phosphate.

'Acid rock, ..

Floats '

Redonda,
No phosphate,

fAcid
rock

Floats
I

Redonda, j

No phosphate,

("Acid rock
J Floats

j
Redonda,

|

[^No phosphate,

("Acid rock,
J Floats

I

Redonda,
I No phosphate.

B

a

135

92

79

3G

260

187

156

151

214

141

149

135

237

151

155

163

107

54

51

37

101

14

15

11

100

70

90

44

62

47

32

16

50

19

153

129

92

60

185

131

140

115

173

109

113

102

196

115

114

120

•In the case of the oats and timothy the scale has been reduced one-half to accommodate the

lines to the space allowed. The r»lative length of the lines for the same plant has been main-
tained.
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RESULTS OF THE MAINE STATION EXPERIMENTS.

lii every case ilie acid rock gave the best returns. The gaiu was

especially marked with the family Gramineae, three members of

which, the barley, corn and oats, yielded nearly double the amount
produced by either the floats or Eedonda. The effect upon the sun-

flowers and buckwheat was especially marked, but if these plants

could have been brought to full development it is probable the gain

would have been less apparent.

If we compare the amount of dry matter produced by the acid

rouk with that produced by the floats for all the crops grown, we
find the balance in favor of the acid rock to be 52 per cent. lu

other words, the effect of the available phosphoric acid, as com-

pared with the insoluble phosphate, was to increase the product

more than one-half.

In nearly every case the floats gave results second only to those

obtained with the acid rock. With this phosphate the Cruciferae

gave returns within ten per cent, of those obtained by the acid

rock. This is not true of the edible portion of these plants, how-

ever, for there the good effects of the acid rock were more marked.

Of the three forms of phosphate used, the Kedonda proved the least

valuable, though supplying a larger amount of available phosphoric

acid than the floats. In most cases, it showed itself inferior even

to floats. The Germineae furnished an interesting exception to

this rule, yielding results with Eedonda above those given by the

floats.

The small yield from the boxes in which no phosphate was used

is sufficient indication of the extreme poverty of the soil, and con-

firms the belief that the amount of phosphoric acid thus supplied

is not sufficiently large to seriously affect the experiment.

It is interesting to note that the plants of the same family show
a remarkable agreement in their behavior towards the various phos-

phates. The striking manner in which the Gramineae respond to

the stimulus of the acid rock has already been alluded to. In no

other case is the effect so marked. Another peculiarity of the

members of this family is shown in their conduct toward the Ke-

donda. The relative value of this phosphate and floats is here the

reverse of that shown by nearly all the other plants. The failure

of the Cruciferae to respond to the acid rock furnishes a good illus-

tration of a similar kind. The Umbelliferae. though responding to

the acid rock, seem to derive no benefit from either the floats or

Rendonda. since neither of the phosphates increase the yield above

that obtained where no phosphates were used. This is true both

of the whole plant and the roots.
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The alfalfa shows a strange indiHereiice to the precise form in

which the phosphoric acid is supplied. The crop was light in every

case, and the phosphoric acid already present in the barren soil used,

seems to have sufficed for the slender product.

STIMULATING EFFECT OF ACID PHOSPHATE IN THE EARLY STAGES
OF GROWTH.

A report of this work would be incomplete if it failed to take note

of certain facts observed in the course of the experiment which can-

not be shown in the diagram, where only the final results are given.

Throughout the whole series of experiments the effect of the acid

rock was marked, the plants receiving it in nearly every case at

once taking the lead, and keeping- it to the end. The horse-beans fur-

nish a marked exception to this rule, the more nearly equal devel-

opment being perhaps due to the large amount of nutriment stored in

the seed. When this supply was exhausted, the phosphoric acid

hunger manifested itself.

In by far the larger number of cases, especially with the clover,

timothy, turnips and rutabagas, the good effects of the acid rock

were more marked during the first few weeks of growth than ai a

later stage, when the roots become more fully developed, and had

begun to forage for themselves. This fact, also, is shown in the

figures of the clover and timothy. It would appear that the young

l)lants feed but little uj)on the insoluble phosphates, but that the

organic acids present in the sap of the roots exert a solvent action

upon the insoluble phosphates in Ihe soil, gradually converting

them into available forms.

It will be noticed that in this work only the immediate effect of the

phosphates has been taken into consideration, no mention having

been made of the unused phosjjhoric acid remaining in the soil at

the close of the experiment. In actual field work, the good effect

of the ground rock would, of course, be far more lasting than that

of the iicid rock.

liox experiments w^ere made at the New Hampshire Experiment

Station in 1S93, with winter rye, the phosphoric acid being suj)-

jilied by roasted Redonda, ground bone and basic slag. The re-

sult showed that the rye gave nearly as good returns with the

roasted Redonda as with the other phosphates. The result con-

firms the work here reported. It will be seen by reference to the

diagram here given that the corn, barley, oats and timothy (plants

closely related to rye) gave better results with the Redonda phos-

pliale than with the thiely giound Florida rock.
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SUMMARY OF THE MAINE STATION EXPERIMENTS.

1. Plants differ iu their ability to feed upon crude phosphates.

2. Turnips, rutabagas, caulitlowers and kohlrabi gave nearly as

good returns with the Florida rock as with the acid rock.

8. In every other case the good effect of the acid rock was very

marked.

4. In most cases the crude Florida rock yielded better returns

than the Redonda.

5. Barley, corn and oats seem to require an acid (soluble) phos-

phate.

6. When early maturity is desired, the acid rock can profitably be

used.

7. The largely increased production obtained by the use of the acid

rock will often determine the success of the crop.

8. The solubility of a phosphate in ammonium citrate is not always

the correct measure of its actual value to the plant.

TESTS MADE BY THE CORNELL UNIVERSITY EXPERIMENT STATION.

In the winter of 1900-1901 some experiments were conducted at

the Cornell Experiment Station upon the relative ability of various

orders of plants to utJize different sources and forms of phos-

phoric acid. These tests were conducted in a green-house and

the plants grown in box pots. The soil in which the plants were

grown was a white quartz sand prepared by grinding quartz rock.

The soil or medium furnished practically no plant food, so that

it was necessary to furnish an artificial supply of the essential

plant foods. All conditions were made exactly similar except as to

the kind of phosphoric acid supplied. The actual amount of phos-

phoric acid supplied the different boxes was the same, but the

sources were different.

The following table gives the variety of plants used, the source of

})hosphoric acid supplied and the results obtained:
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The results obtained by the tests of both the ]\I;iine an*! Cornell

Experiment Stations are valuable in that they show the relative

ability of plants of various kinds to feed upon the different forms

of jjhosphoric acid. These results also show that upon soils which

are deficient in organic matter it is decidedly best with most crops

to use lome phosphate furnishing soluble phosphoric acid. Never-

theless, these results seem to point out that the insoluble phosphates

miglit be used on quite barren soils to grow such crops as turnips

or rape for soil renovation or green manure purposes.

Again, these results, when considered in connection with the

results of field experiments made uj)on soil which contained a fair

amount of organic or vegetable matter, would seem to give addi-

tional evidence as to the necessity of having lands full of organic

matter in order to obtain good results from applications of insoluble

phosphates.

SOME FOREIGN EXPERIMENTS WITH PHOSPHATES.

Numerous experiments have been made from time to time upon

different phases of points effecting the availability of phosphates

and forms of phosphoric acid. To give an abstract from all of these

tests would not be possible in a work of this kind, yet it might be

interesting to note briefly a few which have been repeated recently

and which would seem to be closely related to the tests made in this

country.

Experiments on the relative value of different phosphates, by Dim-

itry Prianischnihoff (Vol. 56 (1901), pp. 107-146, Landw. Versuchs-

Stationen).

This was also a test of the relative ability of various crops to

use sparingly soluble phosphates. The tests were made by pot

culture in sand. The following numbers indicate the relative

amounts of phosphoric acid assimilated as shov/u by the results

up to the time of making the report:

«
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Phosphorite should not be applied to light soils i^probably not to

any soil long cultivated) for cereals, but only for bnckvs-heat. mus-

tard, lupens and peas. In the case of peat or muck land, however,

and acid soils generally, phosphorite may be applied for any crop.

An experiment on black soil is recorded in which, without manure.

buckwheat gave more produce than wheat; the addition of phos-

phorite and of sodium di-hydrogen phosphate greatly increased the

yield of wheat bat not of buckwheat. This is attributed to the

ability of buckwheat to make use of sparingly soluble phosphoric

acid. Experiments are also described upon the use of various am-

monium salts in conjunction with the phosphates, and the results

showed that they acted as solvents and made the phosphoric acid

available.

THE USE OF FHOSPORITE AXD GREEN MANURING.

Some experiments on this subject were conducted by A. X. Engel-

hardt. which are abstracted in Chem. Centralblat. 1901. p. 232.

The follov^-ing were the results obtained from three year's field ex-

periments: The fine-ground untreated phosphate was especially ef-

fective on cereals. The effects was best on soils containing an

abundance of organic matter. The finer the meal and the greater

the percentage of phosphate of lime the more effective was the phos-

phate. The best results were obtained with rye. but the following

crop of oats was also benefited. When the phosphorite was ap-

plied to rye. oats or flax, and these crops followed by a crop of rye.

to which barnyard manure was applied, the yield of the latter was

much better than of rye which had received only an application of

barnyard manure.

The results showed that ground phosphorite can be profitably used

to supply phosphoric acid on soilswhich contain a sufficient amounr

of nitrogen, potash and lime. When its action lessens, green manur
ing should be resorted to. Lime and marl used in conjunction with

the phosphorite was advantageous.

CONCLUSION.

In conclusion, it mav be said that there are manv more experi-

ments that might be referred to which have covered the same points

alreadv considered, and manv others which have had to do with

particular phosphates, but that it is needless to go over them in

detail as the results are. in most instances, practically the same as

those already cited and are simply confirmatory of the statements

which have been made from time to time in this article.

The experiments which have been quoted from show that many
of the popular notions regarding phosphates are not fully warranted
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and l}i;jt iiiiiili of our daily practice is fithcr based iiijoii pie-cou-

ccivcd ideas or- been moulded by such informalion as has beeu

given out which would serve the iuterest of fertilizer numufacturers.

It is certaiij that a careful study of the results of the experiments

given in the preceding pages will make it evident to all that there

is more need of a careful study of the character of land to which

the phosphate is to be applied and then to use the form of phosphoric

acid and other accessory measur(-s which will gain the desired results

most economical! V.

REVIEW OE THE RESULTS OF THE EXPERIMENTS.

All of the experiments which have t>een conducted uj^on the use of

I)hosphoric acid in agriculture have given results which seem to

warrant the general statement that much of the practice aow follow-

ed in the use of phosphates is not founded upon facts; but are pro-

bably backed either by the tradition and statements gathered from
the customs of our forefathers or promulgated by the teachings of

the commercial w^orld. The latter, in many cases, are much colored

for the sake of self preservation and financial gain.

There is no doubt hnt that the first step in the economical use of

I-'hosphates is to imitate nature and endeavor to keep the soil well

supplied with organic matter; for it is only by such means that the

phosphates contained in the soil naturally and those applied artifi-

cially can be fully utilized by the cultivated crops.

It is very evident from all the tests cited that some crops, particu-

larly the turnip family, have a greater ability than others to use

crude or insoluble jdiosphates and these experiments would certainly

teach that the aim should be to employ such crops for rendering in-

soluble phosphates available and by such a practice save much that

is now being spent for sulphuric acid and the cost of manufacturing

the soluble phosphates.

The experiments, in most instances, show that the presence of cor-

bonate of lime is of considerable advantage in increasing the avail-

ability of phosphates.

Some of the tests show that the iron and alumina phosphates are

much more valuable as plant foods than is generally considered, in

fact under some circumstances they seem to be as soluble and even

superior to lime phosphates.

In regard to the so-called available phosphoric acid of commercial

fertilizers, the results all point to the fact that there is no difference

in it depending upon its source; that is. a pound of available phos-
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jilioi'ic acid fioiii a mineral source is just as valuable as a pound from

an oi'gauic source. With this fact confronting us there seems to be

nothing to warrant the purchase of a dissolved bone instead of a dis-

solved rock, unless the phosphoric acid in the bone costs no more
tiian that in the rock. In other words, a farmer can not alford to

pay more per pound for available phosphoric acid in dissolved bone

than he can for that in dissolved rock any more than he would pay

more for sugar from cane than he would for sugar from beets. In

either case the only justification that could be given would be that

Ihere was no departure from the traditions of his grandfathers.

The results of both field and plot experiments show that certain

classes of phospliates are more available and hence have a higher

agricultural value than would be given them by official methods of

analysis. This condition would seem to warrant some modified

method for analyzing such materials. This is particularly true of

the tetra-phosphates when used on some soils.

The best advice and general rule which can be given in the matter

of the intelligent use of phosphates is, to study the special conditions

that surround the particular case in hand, observe the methods of

nature and compare these circumstances with those of the experi-

ments given, then apply the results with such modification as good

common sense would seem necessary' to meet the demands of local

conditions.
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*Keport of the Deparrnu'iil of Aiiriculluic. Pari 2, 'M)\) pages.

*l\('poi-t of llio Dcpailinont of A-^i-icullui-c, 8!) I pajj;es, 181)8.

"lU'poi-t of the Dcpai-diK'iil of A <;fi culture, Pai't 1, 1082 pages,

1899.

*Keport of ihe Departiuenl of Agi-irultuie, Part 2, 368 pages,

1899.

Keport of tli<' Depai'tnieiit of Agriculture, Part 1, 1010 pajiea,

1900.

Report of Ihe Depai'tuuMit of Agiicultuie, Part 2, 348 pages,

1!jOO.

Report of 1he D^^partmcut of Agrieulture, Part 1, 1040 pages,

1901.

Report of the Departnu'ut of Agriculture, Part 2, 4G1 pages,

1901.

Report of the Department of Agrieulture, Part 1, 1030 pages,

1902.

Report (sf Ihe Departuieut of ,\griculture, Part 2, pages,

1902.

BULLETINS.

No. 1.* Tabulated Analyses of Commercial Fertilizers, 24 pages

1895.

No. 2.* List of Lecturers of Farmers' Institutes, 30 pages, 1895.

No. 3.* The Pure Food Question in Pennsylvania, 38 pages, 1895.

No. 4.* Tabulated Analyses of Commercial Fertilizers, 22 pages,

1896.

No. 5.* Tabulated Analyses of Commercial Fertilizers, 38 pages,

1896.

No. 6.* Taxidermy; how to Collect Skins, etc., 128 pages, 1896.

No. 7.* List of Creameries in Pennsylvania, (jS pages, 1896.

No. 8.* Report of State Horticultural Association, 108 pages,

1896.

No. 9.* Report of Dairymen's Association, 96 pages, 1896.

No. 10.* Prepared Food for Invalids and Infants, 12 pages, 1896.

No. 11.* Tabulated Analyses of Commercial Fertilizers, 22 pages

1896.

No. 12.* Road Laws for Pennsylvania, 42 pages. 1896.

•Note.—Edition exhausted.
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Xo. lo." Ji('iH>rt of Butter Colors, 8 paj^cs, S!J(J.

No. 14.'' Fanuci's' Insiitutes iu Fenusylvaiiia, 1)2 pages, ISDG.

No. 15.* Good Koads for Peimsylvania, 42 pages, 1896.

No. 16.* Dairy Feeding as Practiced in Pennsylvania, 126 pages,

18<J6.

No. 17.* Diseases and Enemies of Poultry, 128 pages, 1896.

No. 18.* Digest of the General and Special Road Laws for Penn-

sylvania, 130 pages, 1896.

No. 19." Tabulated Analyses of Commercial Ff^itilizers, 40 pages,

1896.

No. 20.* Preliminary Report of Secretary, 126 pages, 1896.

No. 21.* The Tom nship High School, 24 pages, 1S97.

No. 22.* Cider Mnegar of Pennsylvania, 28 pages, 1897.

No. 23.* Tabulated Analyses of Commercial Fertilizers, 31 pages,

1897.

Xo. 24.* Pure Food and Dairy Laws of Pennsylvania, 19 pages,

LS97.

No. 25.* Farmers' Institutes in Pennsylvania, S })ages, 1897.

No. 2(>.* FaruKn-s' Insiitutes in Pennsylvania, 74 pages, 1897.

No. 27. The Cultivation of American Ginseng, 23 pages, 1897.

No. 28. The Fungous Foes of the Farmer, 19 pages, 1897.

No. 29. Investigations in the Bark of the Tree, 17 pages, 1897.

No. 30. Sex in Plants, 17 pages, 1897.

No. 31. The Economic Side of the Mo\<\ 42 pages, 1898.

No. 32.* Pure Food and Dairy Laws, 30 pages, 1898.

No. 33.* Tabulated Analyses of Commercial Fertilizers, 42 pages,

1808.

No. 34." Preliminary Report of the Secretary, 1.50 pages, 1898.

No. 35. Veterinary Medicines, 23 pages, 1898.

No. 36.* Constitutions and By-Laws, 72 pages, 1898.

No. 37.* Tabulated Analyses of Commercial Fertilizers, 40 pages,

1898.

No. 38.* Farmers' Institutes in Pennsylvania, 8 pages, 1898.

No. 39.* Farmers' Institutes in Pennsylvania, 88 pages, 1898.

No. 40. Questions and Answers, 206 pages, 1898.

No. 41.* Preliminary Reports of the Department, 189 pages, 1899.

No. 42.* List of Creameries in Pennsylvania, 88 pages, 1899.

No. 43. The San Jose Scale and other Scale Insects, 22 pages,

1899.

No. 44.* Tabulated Analyses of Commercial Fertilizers, 62 pages,

No. 45. Some Harmful Household Insects, 13 pages, 1899.

No. 46. Some Insects Injurious to Wheat, 24 pages, 1899.

No. 47. Some Insecis Attacking Fruit, etc., 19 pages, 1899.

•Note.—Edition exhausted.
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No. 4S. Coniiuon ("abbu^c luiseels, 14 pages, if>U'.).

No. 4!). Methods for the I'l-otection of (Jrops, otc, 20 pagi-s, iSUU.

No. no.* rnro Food and Dairy Laws of Pennsylvania, '^o pages,

1899.

No. 51.' Tabulated Analyses of Commercial Fertilizers, 69 pages,

1899.

No. o2.* I'rocccdings Spring Me(4ing of Board of Agriculture, 296

pages, 18!)9.

No. .5:{.* Farmers" Inslltnlf's in Fciinsylvania. ]n!)9-1!)00, i)4 i)aji('S,

1899.

No. 54.* Tabulated Analyses of Commercial Feitili/ers, UYA pag««,

1899.

No. 55. The C(>in]M)sition and Ise of Fertilizers, 12() pages, 1899.

No. 5«). Nursery Fumigation and the Construction and Manage-

ment of ilie Fumigation House, 24 pages, 1899.

No. 57. The Application of Acetylene Illumination to Country

Homes, 85 pages, 1899.

No. 58. The Chemical Study of the Ai)ple and Its Products. 44

pages, 1899.

No. 59. Fungous Foes of Vegetable Fruits, o9 pages, 1899.

No. 60.* List of Creameries in Pennsylvania, 33 pages, 1899.

No. 61. The Use of Lime on Pennsylvania Soils, 170 pages, 1900.

No. 62. A Summer's Work Abroad in School Grounds, Home
Grounds, Play Grounds, Parks and Forests, 34 pages, 1900.

No. 63. A Course in Nature Study for Use in the Public Schools,

1 L9 pages, 1900.

No. 64. Nature Study Reference Library for Use in the Public

Schools, 22 pages, 1900.

No. 65. Farmei's' Library List, 29 pages, 1900.

No. 66. I'ennsylvania Road Statistics, 98 pages, 1900.

No. 67. Methods of Steer Feeding, 14 pages, 1900.

No. 68. Farmers' Institutes in Pennsylvania, 90 pages, 1900.

No. 69. E^ioad-Making Materials of Pennsylvania, 104 pages, 1900.

No. 70.* Tabulated Analyses of Commercial Fertilizers, 97 pages,

1900.

No. 71. Consolidation of Country Schools and the Transporta-

tion of the Scholars by Use of Vans, 89 pages, 1900.

No. 72.* Tabulated Analyses of Commercial Fertilizers, 170

pages, 1900.

No. 73. Synopsis of the Tax Laws of Pennsylvania, 132 pages,

1901.

No. 74. The Repression of Tuberculosis of Cattle by Sanitation,

24 pages, 1901.

No. 75. Tuberculosis of Cattle, and the Pennsylvania Plan for its

R(^pression, 262 pages, 1901.

•Note.—Edition exhausted.
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No. 76. A Co-opei-ativc Investigation into tlio AyricuUiual Seed

Supply of Pennsylvania, 50 pages, 1901.

No. 77. Bee Culture, 101 pages, li>01.

No. 7S.* List of County and Locul Agricultural Societies, 10

pages, 1901.

No. 79. Rabies, 28 pages, 1901.

No. 80. Decisions of the Department of Agriculture on the Pure

Food Act of 1895, 20 pages, 1901.

No. 81. Concentrated Commercial Feeding Stuffs in Pennsylva-

i-ia, 136 pages, 1901.

No. 82. Containing the Law Creating a Department of .Vgricul-

turc^ in Pennsylvania, and Giving the Various Acts of Assembly
Ct)mmitted to the Department for Enforcement; Together with De-

cisions and Standards Adopted with Reference to the Pure Food
Act of 1895. 90 pages, 1901.

No. 83.* Tabulated Analyses of Commercial Fertilizers, 132 pages,

]901.

No. 84. Methods of Steer Feeding; the Second Year of Co-opera-

tive Experiment by the Pennsylvania Department of Agriculture

and the Pennsylvania State College Agricultural Experiment Sta-

tion, 16 pages, 1901.

No. 85.* Farmers' Inslitutes of Pennsylvania, 102 pages, 1901.

No. SQ/' Containing a Complete List of Licenses granted by the

I 'airy and Food Commissioner, from January 1, 1901, to July 1, 1901,

etc., 422 pages, 1901.

No. 87. Giving Average Composition of Feeding Stuffs, 42 pages,

J 901.

No. 88. List of Creameries in Pennsylvania, 33 pages, 1901.

No. 89.* Tabulated Analyses of Commercial Fertilizers, 195 pages,

1901.

No. 90. Treatment for San Jos6 Scale in Orchard and Nurserv, 33

pages, 1902.

No. 91. Canning of Fruits and Vegetables. 57 pages, 1902.

No. 92." List of Licenses Granted by th(^ Dairy jind Food Commis-
sioner, 193 pages, 1902.

No. 93. The Fundamentals of Spraying, 35 pages, 1902.

No. 94. Phos])hates—IMiosphatic or Phos})horic Acid Fertilizers.

87 pages, 1902.

No. 95.* County and Local Agricultural Societies, 1902, 12 pages,

19(:'2.

No. 90. Insects Injurious to Cucurbitaceous Plants, 31 pages,

1902.

No. 97. The Management of Greenhouses, 41 pages, 1902.

No. 98. Bacteria of t!i(^ Soil in their Relation to Agriculture, 88

pa-es. 1902.
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Xo. 99. Some Common Ins(Ht Pests of llie I-'iiinicr. ."^2 jtages,

1002 .

No. 100.* (Joutaiuiug Slatemenl of \N'ork oT Dairy and Food Di-

vision from January 1, 1902, io June 30, 1902, 22.'? pages, 1902.

No. 101. Tabulated Analyset of Commercial I'^ertilizers, K'.T

pages, 1902.

No. 102. Tlie Natural Improvement of Soils, ."jO ]»ages, 1902.

No. 103. List of Farmers' Institutes of Pennsylvania, 07 pages.

1902.

No. 104. INlodern Dairy Science an.d I'ractice, 127 pages, 1902.

No. 105. Potato Culture, 90 pages, 1902.

No. 106. The Varieties of Fruit that can be Profitably Crown in

I'Cnnsylvania, 50 pages, 1902.



No. 6. DEPARTMENT OF AGRICULTURE. 895

FERTILIZER VALUATIONS—1902.

The object of ;in otlicial valuation of commercial fertilizers is to

enable the consumer lo jud^e approximately whether he has been

asked to pay for a given brand more than the fertilizing ingredients

it contains and market conditions prevailing at the time would war-

rant. It is clear, therefore, that no attempt is made in this valuation

to indicate whether the fertilizer valued possesses a greater or less

crop-producing capacity than another fertilizer; but only whether it

is higher priced than another of the same general composition. For

this purpose it must be so computed as to include all the elements

entering into the cost of a fertilizer as it is delivered to the con-

sumer. These elements may be conveniently grouped as follows:

1. The wholesale cost of the ingredients.

2. The jobbers' gross i)roflt on the sale of the ingredients; this

includes ottice expenses, advertising, losses, etc.; for the purpose of

the present computation it may be assumed that the sum of this gross

profit and the wholesale cost of the ingredients, is equivalent to the

retail price of the single ingredients near the wholesale markets in

ton lots of original packages for cash.

3. The expense and profit of mixing: This item applies only to

complete fertilizers, rock and potash, and ammoniated rock; not to

dissolved or ground bone, or to dissolved rock.

4. The expense and profit of bagging.

5. Agents' commission: This item includes not only the commis-

sion proper, but every advance in price due to the sale of the goods

through an agent in small quantities on time, rather than directly

to the consumer in fon lots for cash.

0. Freight from !he v.holesale market to the point of delivery.

The valuations for 1901 were based:

1. Upon the wholesale prices from September 1, 1900, to March 1,

1901, of the raw materials used in fertilizer manufacture, the quota-

tions of the New York market being adopted for all materials except

acidulated phosphate rock and ground bone.

2. Upon an allowance of 20 per cent, of the wholesale prices, above

mentioned, to cover jobbers' profits.

By adding the 20 per cent, allowed for jobbers' gross profit to the

wholesale price of tlie several raw materials, the retail price in

original pnclcnges at the jobbers' wnichonse is obtained.
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Since the amount of tlie several valuable I'l-riiliziu"^ constituents in

the various raw materials is l<nov.n, it is a simple matter to de-

termine the corresponding retail value per pound of the valuable fer-

tilizing constituents yielded by each raw material. A schedule of

these pound values affords a convenient basis of computation of the

value per ton of various fertilizers, whose composition is ascertained

by analysis.

The values assigned, for the present, to the other elements in the

cost of the fertilizer at the point of delivery are:

3. For mixing, |1.00 per ton.

4. For bagging, |1.00 per ton, in all cases except those in which the

article was sold in original package; the cost of the package being, in

such cases, included in the v.holesale price.

0. For agents' commissions, 20 per cent, of the cost of tlie goods

f. o. b. at the jobbers' or mixers' warehouse.

6. For freight, |2.00 per ton ; the cost of the freight in lots of twelve

tons or over, from the seaboard to Harrisburg, averaging |1.88 per

ton.

The following valuation of dissolved South Carolina rock illus-

trates the method:

Phosphoric acid. Per cent. Weight per ton.

Soluble, 11 ..50 230 lbs. at 3c. $0 90

Reverted, 2.50 50 lbs. at 2^c. 125
Insoluble, 1.00 20 lbs. at l^c. 30

Retail cash value of ingredients, $8 45

Bagging, 1 00

Cash value of goods ready for shipment, |9 45

Agents' commission, 20 per cent., 1 89

Freight, 2 00

Commercial value per ton, $13 34

It is not to be expected, of course, that the valuations thus com-

puted will precisely represent the fair price to be charged for a brand

in each locality and in every transaction. Market conditions, compe-

tition, distance from factory, all introduce minor variations. Never-

theless, to make the approximation reasonably close, the average

valuation of a given class of goods ought to agree closely with its

ascertained average selling price. Whenever such an agreement is

no longer obtained by the use of a schedule, it is evident that the

schedule of retail values of the constituents, or the added allowances

for mixing, etc., requires revision.
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It is needful to uote here another factor greatly affecting the prac-

tical accuracy of tfiese approximations. Tlieir computation would

offer little difficulty and their usefulness be far greater, if, by the

ordinary methods of analysis, the exact nature of the ingredients

used to supply the several fertilizer constituents, were capable of

certain determination. This is, however, possible, to-day, to only a

limited extent. The valuations are, therefore, based on the assump-

tion that the fertilizers are uniformly compounded from high quality

ingredients, such as are commonly employed in the manufacture of

fertilizers of the several classes. Consumers should carefully avoid

the error of accepting such valuations as infallible; they are not de-

signed to be used for close comparison of single brands, but only to

indicate whether the price asked for a fertilizer is abnormal, assum-

ing good quality for the ingredients used. From this it is clear that,

except as high freights may require, the selling price of a brand
should not far exceed the valuation; but that a fertilizer may be

made of inferior materials and yet have a high valuation.

The valuations used during 1900 were modified for use during 1901

in accordance with the changes in wholesale prices of fertilizing

ingredients and to make the valuations more closely follow the sell-

ing price.

The following comparative statement shows the valuations and
selling prices of the several classes of fertilizers during 1900 and
1901.

Fertilizers.

di
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The valaalioiis dining 11)01 lor the luore important classes of fer

tilizei's were cousiderably higher than the selling prices; the diller-

ence was more marked in the fall than in the spring. As usual, the

selling prices of rock-and-potash maintain a disproportionately

high level.

The general tendencies of the wholesale market may be judged

from the following comparative statement, obtained from the weekly
Imports of the Oll^ Faint and Drug Reporter^ of New York City, show
ing the average wholesale prices of fertilizer raw materials from

xSeptcmber 1, 1900, to March 1, IDUl, and from September 1, 1901, to

March 1, 1902.

\\'holosale Trict^s of Fertilizer Ingredients, New York:

and Drag Reporter.

OIL Ralnf

Substance.
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Wholesale Prices of Ammonia tes: Reports of Thos. J. \Vhite & Co..

Baltimore, Md.
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November inclusive, aud $7.25 in December, making the average for

tlie year fG.83 per ton, tliis being below the price for lOUO. During

January and February of this year, the price rose, being quoted dur-

ing that time at |7.50. Land pebbles (68-73 per cent.) were |4.14 in

January, 13.93 from February to September inclusive, |3.75 in Oc-

tober and |3.13 in November aud December, making the yearly

average |3.80. During January and February of this year prices

were f3.00 to |3.25.

Peace River phosphate was less active, 18,790 tons being exported

as compared with 21,427 tons last year. The average prices f. o. b.

Fernandina, were |2.94 in January, $2.63 from February to October,

and |2.38 in November and December, the average for the year being

|2.61. During January and February of this year quotations were

$2.25 to 12.50.

Tennessee Fhosjihates: The export trade is growing, over 130,000

tons of high grade rock being sent abroad. As a result of competi-

tion, prices were lower than in 1900. The f. o. b. prices of export

rock were |2.88 in January, |3.25 in February, |3.38 in March to July

inclusive, |3.68 in August aud September, |3.30 in October, |3.31

in November and |3.50 in December; yearly average, $3.33, and for

January and February of this year, $3.50.

Prices on domestic orders for high grade rock (78 per cent.) aver-

aged $2.78 in January and $3.13 in December, or $2.97 per long ton

for the year, f. o. b. Mt. Pleasant. During January and February

of this year prices were $3.00 to $3.25.

Domestic rock (75 per cent, bone phosphate) averaged $2.63 in

January, and $2.88 in December, or $2.75 for the year; and for the

70.72 per cent, grade, $2.13 in May to July, $2.29 in September and

$2.25 in December, or $2.21 for the year. The prices for January and

February of this year upon these grades were $2.75 to $3.00 and $2.25

to $2.50 respectively; all f. o. b. Mt. Pleasant.

In South Carolina, production was curtailed owing to heavy storks

in the early part of the year and small demand. Coastwise ship-

ments aud exports decreased over last year. The average prices

f. 0. b, Ashley river, for dried rock were $4.50 in January and

February, $3.25 in March to July, making $3.65 for the year. Of the

crude rock, comparatively little has been sold out of the State, the

average price for the year being $3.36. During January and Feb-

ruaiy of this year land rock was quoted at $3.25 and river rock at

$2.75 to $3.25.

The mine prices for 1901, at all the principal points of production,

were materially lower than during 1900, to a degree which is not

fully reflected by the New York quotations.
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Raw Materials of Acid Manufacture.

Brimstone: High prices and increased consumption of pyrites

by acid-makers have reduced the imports of brimstone about 7,000

tons. The total imports into the United States for 1901, as given

by the Engineering and Mining Journal, were about 160,000 tons,

chiefly in best unmixed seconds; and these were consumed largely

by paper mills. Prices were maintained by the trust in Sicily

nearly all through the year and would have continued to rise had

not the Anglo-Sicilian Co. been compelled to make concessions. As
compared with those of 1900, New York prices show an increase of

77 cents a ton for spot and 82 cents for shipments. Best unmixed
thirds sold in New York at |2 to |3 below best unmixed seconds.

The average New York price for 1901 for best unmixed "seconds"

''spot" was $22.95.

Pyrites: The demand has been good and deliveries on contract

large at good prices. Domestic production has increased and im-

ports during the year 1901 were 17 per cent, above those for 1900.

The U. S. Bureau of Statistics shows imports for the year ending

June 30, 1901, of 339,217 tons, valued at $1,166,686, or |3.44 per ton.

For the year ending June 30, 1900, the imports were 334,131 tons,

at $3.61, in both cases most of the imports being from Spain.

The Engineering and Mining Journal estimates the imports into

this country for 1901 as 389,000 tons, chiefly from Spain. Low
freight rates favored these large imports. The same journal sum-

marizes prices as follows: Spanish pyrites (Huelva, 46-51 per cent,

sulfur) were sold at 12 to 14 cents per unit ($5.52 to $7.14 per ton)

ex ship Atlantic ports. Domestic pyrites, 42-44 per cent, sulfur,

f. o. b. Mineral City, Va., $4.90 per ton for "lump" ore and 10 cents

per unit ($4.70 per ton) for fines." Massachusetts, f. o. b. Charle-

mont, $5.00 to $5.50 for "lump" and $4.75 to $500 for "fines." The
raw materials for acid manufacture were, therefore, only a little

higher than during the preceding year, though the fall of 1901 wit-

nessed an increase.

Concerning sulfuric acid, the same authority states that the Gen-

eral Chemical Co. has kept prices at a satisfactory level. As the

year advanced, prices were raised to meet the higher cost of raw ma-
terial. In New York, prices were for 66 per cent, acid, $1.10—$.1.30

per 100 lbs.; for 60 per cent, acid, 90 cents to $1.10 per 100 lbs., and
for 50 per cent, acid in bulk $12.00 to $16.00 per ton.

During the fall of 1901, therefore, rock prices were considerably

lower, acid prices slightly higher than in 1900. Valuation schedules

must be based, however, upon the actual wholesale prices of the

acid phosphates, rather than upon those of the raw materials from
which they are made. New York wholesale quotations for acid
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phosphate, per unit of available phosphoric acid, were, according to

the Oil, Paint and Drug Reporier during lOUO-l, G4.2 cts.; during

] 901-2, 62.5 cts. According to the Engineering and Mining Journal,

acid phosphate was offered, early this year, for 57.5 to GO.O cents per

unit; the retail selling prices in this State decreased from the spring

to the fall of last year nearly 7 cents per unit.

Potash Salts: The reports of the U. S. Bureau of Statistics show

the following entries for consumption during the fiscal years 1900

and 1901:

1900 1901.

Muriate (pounds),
]

113,032,418 138,561,091

Kieserit, kainit, etc. (tons) 133,244 187,470

The German Potash Syndicate regulates the prices on potash salts

and has held the 1902 schedule at the same level as that of 1901.

On the basis of large lots sold through brokers for cash and deliv-

ered at Boston, New York or Philadelphia, the schedules announced

by the Syndicate are as follows.

Salt.

§
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few analyses for these materials, with the exception of ground bone

and dissolved rock, have been made in Pennsylvania. The figures

in the following table include the averages of the results of analyses

made in Connecticut, Massachusetts, New Jersey and Pennsylvania

during the past year, except in the case of ground bone and dissolved

rock phosphates, where Pennsylvania results alone are included.

Composition of Non-Acidulated Fertilizer Ingredients (Per Cent).
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the quantities of valuable constituents the average materials now on

the market contain, the wholesale cost per pound of the valuable con-

stituents can be readily estimated. In the case of aramoniates, the

quotations are '"per unit of ammonia" in many cases. The term

"unit" is ecjuivalent to ''per cent.;" in goods sold by the ton of 2,000

lbs., the unit is equal to 20 lbs.; and 20 lt)s. of ammonia contain 16.47

lbs. of nitrogen.

In the case of refuse bone-black, unacidulated, the mean, 28.25 per

cent, of phosphoric acid, is assumied to represent the average ma-

terial on the market.

Phosphate rock is sold by the ton of 2,240 lbs.; this material is sold

on the basis of the bone-phosphate of lime it contains, with draw-

backs for injurious constituents. Since the bone phosphate of lime

contains 45,8 per cent, of phosphoric acid, each per cent, of bone

phosphate in a long ton of phosphate rock is equivalent to 22.4 lbs.

and contains 10.26 lbs. of phosphoric acid.

In the wholesale trade, it is customary to sell dried blood, azotine,

horn and hoof meals, and concentrated tankage solely on the basis

of ammonia, to the entire disregard of the phosphoric acid contained.

Likewise, the insoluble phosphoric acid in dissolved rock is omitted

from consideration, and contracts are based solely upon the "avail-

able" phosphoric acid; that is, the sum of the "soluble" and "revert-

ed" or "citrate soluble" phosphoric acid; nor in rock phosphates is

any claim made for the small quantities of nitrogen and potash they

always contain, nor in dissolved bone for the potash present.

Under these conditions, the wholesale cost per pound in New York

of the valuable constituents of such materials as furnish but a single

fertilizing element, these materials being assumed to be in the stat^

of preparation and in the package in which the manufacturer pur-

chased them, are given in the following table; also, a figure repre-

senting a fair retail price at the factory, the materials having under-

gone no change in treatment or packing, and the allowance for ex-

pense and profit in retailing being 20 per cent.
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Wholesale Cost per Pound of Fertilizer Constituents (New York).

I. Ingredients Supplying One Constituent.

Material. Constituent Valued.

0)
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>\'liolosale Cost per Pound of Fertilizer Constituents, New York.

11. Bone.
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Trade Values Adopted by the New England States and New
Jersey.

Nitrogen:
In ammonia salts,
In nitrates,
In dry and fine-ground fish
In meat, blood and mixed fertilizers
In fine-ground bone and tankage,
In coarse bone and tankage

Phosphoric acid:
Water soluble
Citrate soluble
In cotton-seed meal, castor pomace and wood ashes.
In dry, fine-ground fish, bone and tankage
In coarse fish, bone and tankage,
In mixed fertilizers, insoluble

Potash:
In forms free from muriate (chlorid).
As muriate

Cents per rb.

1901.

6

4V2
4

4

3

2

5

4V4

1902.

5

4V4
4

4

3

2

$

4y*

16%
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acid used is relatively small and the need for its separate valuatiou

not apparent; in other States it predominates to the almost entire

exclusion of bone i)hosphoric acid, so that no distinct valuation for

the latter is required; but in Pennsylvania both occupy important

positions upon the market and each requires its own set of values.

Despite the slightly upward tendency of the acid phosjdiate market,

it is thought needless to change the valuations of these constituents

at this time, because the average valuations have, under the exist-

ing schedule, considerably exceeded the actual selling prices.

For similar reasons, nitrogen and phosphoric acid in ground bone

are valued at lower rates in Pennsylvania than in New England.

Owing to the fact that the bone valuations of the past year fell dis-

tinctly below the selling prices, a slight increase in the valuations

of these goods has been made. Tankage is scheduled with bone,

though costing less, because it is little sold at retail.

The schedule for 1!)02, as a v^hole, is as follows:

Schedule of Values for Fertilizer Ingredients, 1902.

Nitrogen:
In ammonia salts,
In nitrates,
In meat, dried blood and mixed fertilizers,

In cotton-seeii meal and castor-pomace,
In fine ground bone and tankage
In coarse bone and tanlcage,

Phosphoric acid:
Soluble in water, in bone fertilizers
Soluble in water, in rock fertilizers
Soluble in ammonium citrate, in bone fertilizers
Soluble in ammonium citrate in rock fertilizers
Insoluble in ammonium citrate, in bone fertilizers, ..

Insoluble in ammonium citrate, in r ••;;

In fine bone, tankage and fish

In coarse bone and tankage
In cotton-seed meal, castor pomace and wood ashes

Potash:
In high-grade sulfate or in forms free from muriate.
As muriate,

C
3
O
a

16'/4

14

16 V4

16'^

11

9

5

3

ihi
2%
2

1%
3

2's
4

5

4y*

Potash in excess of that equivalent to the chlorin present, will be

valued as sulfate, and the remainder as muriate.

Nitrogen in mixed fertilizers will be valued as derived from the

best sources of organic nitrogen, unless clear evidence to the con-

trary is obtained.

Phosphoric acid in mixed fertilizers is valued at bone phosphoric

acid prices, unless clearly found to be derived from rock phosphate.
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Bone is sifted into two grades of fineness: Fine, less than 1-5(1 inch

ill diameter; coarse, over 1-50 inch in diameter.

The result obtained by the use of this schedule does not cover th«^

items of mixing, bagging, freight and agents' commission. To cover

these, allowances are made as follows:

For freight, an allowance of |2.00 per ton on all fertilizers.

For bagging, an allowance of .fl.OO per ton on all fertilizers, except

when sold in original packages.

For mixing, an allowance of fl.OO per ton on complete fertilizers

and rock-and-potash goods.

For agents' commission, an allowance of 20 per cent, is added to the

cash values of the goods ready for shipment.

The mean quotation on freight from New Yoak, Philadelphia and
Baltimore to Harrisburg, in January, 1897, was |1.68 per ton, in lots

of twelve tons or over; in May, 1899, quotations by the Pennsylvania

Railroad were: From New York, |2.40; from Philadelphia, $1.70;

and from Baltimore, $1.55; mean rate from the three points, |1.88.

FERTILIZER ANALYSES, JANUARY 1 TO AUGUST 1, 1902.

Since January 1, 1902, there have been received from authorized

sampling agents, eight hundred and thirty-eight (838) fertilizer sam-

ples, of which four hundred and fifty (450) were subjected to analysis,

the remainder being rejected either because they represented brands

analyzed last season, or because they were regarded as not certainly

representative of the brand whose name they bore. When two or

more samples representing the same brand were received, equal por-

tions from the several samples were united and the composite sample

was subjected to analysis.

The samples group themselves as follows: 289 complete fertilizers,

furnishing pliosphoric acid, potash and nitrogen; 2 dissolved bones,

furnishing phosphoric acid and nitrogen; 66 rock-and-potash fer-

tilizers, furnishing phosphoric acid and potash; 59 acidulated rock

phosphates, furnishing phosphoric acid only; 29 ground bones, fur-

nishing phosphoric acid and nitrogen; 5 miscellaneous fertilizers,

which group includes potash salts, nitrate of soda and other sub-

stances not properly classified under the foregoing heads.

The determinations to which a complete fertilizer is subjected are
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as follows: (1) Moisture, useful for the comparison of analyses, for

indication of dry condition and fitness for drilling, and also of the

conditions under which (he fertilizer was kept in the warehouse. {2j

Phosphoric acid—total, that portion soluble in water, and, of the

residue, that portion not soluble in warm ammonium citrate solution

(a solution supposed to represent the action of plant roots upon

the fertilizer), which is assumed to have little immediate food

value. By difference, it is easy to compute the so-called "reverted"

acid, which is the portion insoluble in water but soluble in the citrate.

The sum of the soluble and reverted is commonly called the "avail-

able" phosphoric acid. (3) Potash soluble in water,—most of that

present in green sand marl and crushed minerals, and even some of

that present in vegetable materials such as cotton-seed meal, not

being included because insoluble in water even after long boiling. (4)

Nitrogen—this element is determined by a method which simply ac-

counts for all present, without distinguishing between the quantities

present in the several forms of ammonium salts, nitrates or organic

matter. (5) Chlorin; this determination is made to afford a basis for

estimating the proportion of the potash that is present as chlorid or

muriate, the cheaper source. The computation is made on the as-

sumption that the chlorin present, unless in excess, has been intro-

duced in the form of muriate of potash; but doubtless there are occa-

sional exceptions to this rule. One part of chlorin combines with

1.326 parts of potash to form the pure muriate; knowing the chlorin,

it is, therefore, easy to compute the potash equivalent thereto. (7)

In the case of ground bone, the state of sub-division is determined by

sifting through accurately made sieves; the cost of preparation and

especially the promptness of action of bone in the soil depends very

largely on the fineness of its particles, the finer being much more
quickly useful to the plant.

The law having required the manufacturer to guarantee the amount
of certain valuable ingredients present in any brand he may put upon
the market, chemical analysis is employed to verify the guaranties

stamped upon the fertilizer sacks. It has, therefore, been deemed
desirable in this report to enter the guaranty filed by the manufac-

turer in the office of the Secretary of Agriculture, in such connection

with the analytical results that ,the two may be compared. An un-

fortunate practice has grown up among manufacturers of so wording

the guaranty that it seems to declare the presence in the goods of an

amount of a valuable constituent ranging from a certain minimum to

a much higher maximum; thus, "Potash, 2 to 4 per cent." is a guar-

anty not infrequently given. In reality, the sole guaranty is for 2

per cent. The guaranteed amounts given for each brand in the fol-

lowing tables, are copied from the guaranties filed by the maker of

the goods with the Secretary of Agriculture, the lowest figure given



No. 6. DEPARTMENT OP' AGRICUl^TLRE. 911

for auy coustituent being oousidered to be the amount guaranteed.

For compactness and because no essentially important fact is sup

pressed thereby', the guaranties for soluble and reverted phosphoric

acid have not been given separately, but are combined into a single

guaranty for available phosphoric acid; in cases where the mali^er's

guaranty does not specifically mention available phosphoric acid, the

sum of the lowest figures given by him for soluble and reverted phos-

phoric acid is used. The law of 1879 allowed the maker to express

his guaranty for nitrogen either in terms of that element or in terms

of the ammonia equivalent thereto; since ammonia is composed of

three parts of hydrogen and fourteen parts of nitrogen, it is a very

simple matter to calculate the amount of one, when the amount of the

other is given; the amount of nitrogen multiplied by 1.214 will give

the corresponding amount of ammonia, and the amount of ammonia
multiplied by 0.824 will give the corresj)onding amount of nitrogen.

In these tables, the expression is in terms of nitrogen.

The law of 1901 abolishes this alternative and requires that the

guaranty shall be given in terms of nitrogen. Many manufacturers

after complying with the terms of the law, insert additional items

in their guaranties, often with the result of misleading or confusing

the buyer; the latter will do well to give heed to those items only

that are given as the law requires and that are presented in these-

tables.

A summary of the analyses made this season may be presented as

follows, excepting the miscellaneous class:

Summary of Analyses made this Season.

Ti
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Two tendencies appear upon a comparison between these data and
the corresponding ligures for the spring of lOUl: A diminution of

soluble phosphoric acid and a general increase in the percentages of

reverted and insoluble phosphoric acid, while the total phosphoric
acid is slightly increased; this tendency appeared in a great many
brands. The use for acidnlation of rock phosphates which, though
richer in phosphoric acid, also contain more iron and alumina than

heretofore, would account for this tendency, since the phosphates in

acidulated goods from such rock tend to revert to insoluble forms.

The second tendency is toward the greater use of potash, which ap-

pears in both complete fertilizers and rock-and-potash goods. The
dissolved bones were very inferior.

The cases of departure of goods from their guaranteed composition
observed this season, including only those cases in which it amounted
to tW'O-tenths per cent, or more, were as follows:

Summary of Instances of Deficiency from Guaranty.

n*
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Percentacres of Deficiency, 1899—1902.

be
B

.
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Avcrnfjje Composition and (Jnaranty Comjiarcd.

o
a

c

be o
« I,

c
«

3
bn

c
bL a

Fall, 1!W1.

Phosphoric acid:
Total
Available

Potash
Nitrogen,

Spring, 1002.

Phosphoric acid

:

Total ....

Available,
Potash
Nitrogen

11.51
10.60
2.77

1.39

10. SO
g.25
3.90

1.62

9.82
8.0;
2.6-.

I.Sj

9 20

7.82

3.6G
1.58

It is of interest to note liow closely the system of valuations, based

npon the wholesale prices of raw materials in the principal markets

during the most important buying season and upon certain average

allowances for expense and profit on the part of the mixer and

jobber, coincides with the retail prices later ascertained. A compari-

son for several seasons past is given below:
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Comparison of Selling Price and Valuation, 1899— 1902.

aJ
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From these the foUowiug comparative statemeul for the iwo

periods is derived:

Average wages paid each wage earner
Capital invested for eacli $1 of raw material manufactured,

Cost of manufacturing $1 of raw material into finished products:
Cost of raw material,
Interest on capital corresponding,
Wages,
Miscellaneous expenses,

Total cost

Estimated value of products

1890.
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fertilizer for one dollar; and that whereas in 1890 he was obliged to

pay at the factory 5G cents advance upon every dollar's worth of

raw material used by the manufacturer, in 1900 the advance was only

54.3 cents.

The foregoing advances are not comparable w'ith those allowed in

the schedule of valuations to the mixer, for the cost of acidulation is

excluded in the latter case, having been already included in the

wholesale value of the acid rock and dissolved bone.

The analytical work has been performed by the following assistant

chemists: Nitrogen, Mr. M. S. McDowell; soluble and insoluble phos-

phoric acid, Mr. C. W. Norris; potash and chlorin, Mr. M. H. Pingree;

moisture and total phosphoric acid, Mr. N. W. Buckhout. The list-

ing and preparation of samples were in charge of Mr. McDowell; the

computation and care of records in charge of Misses M. Garuer and

E. F, Jones.

Respectfully submitted,

WM. FREAR.
Augusts, 1902.

FERTILIZER ANALYSES, AUGUST 1 TO DECEMBER 31, 1902.

Since August 1, 1902, there have been received from authorized

sampling agents, six hundred and three fertilizer samples, of which

all but two w'ere subjected to analysis, these two being rejected

because of insufficient description. When two or more samples

representing the same brand w-ere received, equal portions from

the several samples were united and the composite sample was sub-

jected to analysis.

The samples group themselves as follows: 229 complete fertilizers,

furnishing phosphoric acid, potash and nitrogen; G dissolved bones,

furnishing phosphoric acid and nitrogen; 62 rock-and-potash fer-

tilizers, furnishing phosphoric acid and potash; 56 acidulated rock

phosphates, furnishing phosphoric acid only; 27 ground bones, fur-

nishing phosphoric acid and nitrogen; 2 miscellaneous fertilizers,

which group includes potash salts, nitrate of soda and other sub-

stances not properly classified under the foregoing heads.

The determinations to which a complete fertilizer is subjected are

as follows: (1) Moisture, useful for the comparison of analyses, for

indication of drv condition and fitness for drilling, and also of the

conditions under which the fertilizer was kept in the warehouse. (2)



Xu. G. DUi'Aii'iWlENT OF AGl'.lCULTUKE. 919

I'liosplioiic acid—total, that iioiiioii t^olnble iu water, aud, of liie

tusidue, tliat portion uot soluble iu warm amiiiouium citrate solution

<a solution supposed to represent the action of plant roots upon

the fertilizer), which is assumed to have little immediate food

valuo. B\ dillerence, it is easv to compute the so-called '-reverted"

acid, which is the portion insoluble in water but soluble in the citrate.

The sum of the soluble and reverted is commonly callc^d the "avail-

able" phosphoric acid. (:>) Totash soluble in water,—most of that

present in green sand marl and crushed minerals, and even some of

that present in vegetable materials such as cotton-seed meal, not

being included because insoluble in water even after long boiling. (4)

Nitrogen— this element is determined by a method which simply ac-

counts for all present, without distinguishing between the quantities

present in the several forms of ammonium salts, nitrates or organic

matter, (o) Chloriu; this determination is made to afford a basis for

estimating the proportion of the potash that is present as chlorid or

muriate, the cheaper source. The computation is made on the as-

sumption that the chlorin present, unless in excess, has been intro-

duced in the form of muriate of potash; but doubtless there are occa-

sional exceptions to this rule. One part of chlorin combines with

L.32G parts of potash to form the pure muriate; knowing the chloriu,

it is, therefore, easy to compute the potash equivalent thereto. (7)

fn the case of ground bone, the state of sub-division is determined by

sifting through accurately made sieves; the cost of preparation and

especially the promptness of action of bone in the soil depends very

largely on the fineness of its particles, the liner being much more

quickly useful to the plant.

The law having required the manufacturer to guarantee the

amount of certain valuable ingredients present in any brand he may

put upon the market, chemical analysis is employed to verify the

guaranties stamped upon the fertilizer sacks. It has, therefore, been

deemed desirable in this report to enter the guaranty tiled by the

manufacturer in the office of the Secretary of Agriculture, in such

connection with the analytical results that the two may be compared.

An unfortunate practice has grown up among manufacturers of so

wording the guaranty that it seems to declare the presence in the

goods of an amount of valuable constituent ranging from a certain

minimum to a much higher maximum; thus, "Potash, 2 to 4 per

cent.," is a guaranty not infrequently given. In reality, the sole guar-

anty is for 2 per cent. The guaranteed amounts given for each

brand in the following tables, are copied from the guaranties filed by

the maker of the goods with the Secretary of Agriculture, the lowest

figure given for any constituent being considered to be the amount

guaranteed. For compactness and because no essentially important

fact is suppressed thereby, the guaranties for soluble and reverted
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phosphoric acid have uot been given separately, but are combined
into a single guaranty for available phosphoric acid: in cases where

the maker's guaranty does not specifically mention available phos-

phoric acid, the sum of the lowest figures given by him for soluble

and reverted phosphoric acid is used. The law of 1ST9 allowed the

maker to express his guaranty for nitrogen either in terms of that

element or in terms of the ammonia equivalent thereto; since am-

monia is composed of three parts of hydrogen and fourteen parts of

nitrogen, it is a very simple matter to calculate the amount of one.

when the amount of the other is given: the amount of nitrogen mul
tiplied by 1.214 will give the corresponding amount of ammonia, and

the amount of ammonia multiplied by 0.824 will give the correspond-

ing amount of nitrogen. In these tables, the expression is in terms

of nitrogen.

The law of 1901 abolishes this alternative and requires that the

guaranty shall be given in terms of nitrogen. Many manufacturers

after complying with the terms of the law. insert additional items

in their guaranties, often with the result of misleading or confusing

the buyer; the latter will do well to give heed to those items onlv

that are given as the law requires and that are presented in these

tables.

A summary of the analyses made this season may be presented as

follows, excepting the miscellaneous class:

Summary of Analyses made this Season.

X_ ..vses 229 6 62 56 S7

il -'nt.. i-U 5.7? 10.S« 9.04 5.72

P;:
U.« 15. S6 I2->>2 16.1^ 23.47

Sclubie. per cent. 4.55 2.65 5.S2 S.iS

Reverted, c-er cent. 3.S4 7.22 4. .5 4.96
Insoluble, per cent., 2.57 3. CO 1.42 1.39

Potash, per cent. 2.S5 2.37 J.2o
Nitrogen, per cent 1-27 2.^
Mecbanicai analysis of bone:

Fine W
Coarse | ! ;

' SS

Commercial valuation 123.43 1 $2T.eS ' J14.39 ' fl3.73 J27.32
Average seiUn? price 2i.S3 2S.3iJ 15. SS 13.47 28.09

Coniinerciai value of samples whose selling price
is ascertained 23.S1 27.06 14.46 13.79 27.51

The cases of departure of goods from their guaranteed composition

observed this season, including only those cases in which it amounted

to two-tenths per cent, or more, were as follows:
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Summary of Instances of Deficiency from Guaranty.
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not suflicuMU to couiiteibalaiice the deficiency. Naturally, the ten-

dency is towards excess of the cheaper constituent, phosphoric acid,

and deficiency of potash or nitrogen, as appears below.

As heretofore, about two-thirds of the brands are up to or above

guaranty at all jjoints. The true average condition of the market
for comjjlete fertilizers will be more fairly exhibited by a comparison

of the average composition of all samples for which guaranties are

recorded with the average of the corresponding guaranties; they are

as follows:

Average Composition and Guaranty Compared.
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Comparison of Selling Trice and Valuation, 1899-1902.

938

ci



&24 ANNUAL RKPOHT OF THE Off. Doe.

LIST OF FKRTILUKR MANUFACTUKKRS AND
BRANDS OF FERTILIZFRS LICFNSFD FOR
SALF IN PENNSYLVANIA FOR THF YEAR
1902.

THE ABBOTT & MARTIN RENDERING CO., No. 232 N. High Street, Co
lumbus, Ohio.

1. "Ideal Grain Grower."

2. "Peerless Bone and Potash."

3. "Harvest King."

4. "Abbott's Tobacco and Potato Special."

5. "New York Special."

6. "Standard Phosphate."

7. "Star Phosphate."

8. "Benders Bone Meal."

AHRENS, C. K. Esterley, Pa.

1. "Bone Meal."

ALLEGHENY CITY FERTILIZER WORKS, Allegheny, Pa.

1. "Pure Raw Bone Phosphate."

2. "Pure Raw Bone Meal."

3. "Potato Manure."

4. "Banner Phosphate."

5. "Dissolved Bone and Potash."

6. "Odorless Lawn and Garden Plant Food."

7. "Full Value Phosphate."

8. "Butcher's Bone Meal."
'

9. "Bone Meal."

10. "Grain and Grass Phosphate."

11. "Special Potash and Phosphate."

12. "Acid Phosphate."

THE ALLENTOWN MANUFACTURING CO., Allentown, Pa.

1. "High Grade Truck and Garden Phosphate."

2. "High Grade Potato Phosphate."

3. "Complete Bone Phosphate."

4. "Special $25.U0 Phosphate."

5. "Phosphate and Potash."

6. "Pure Ground Bone."

7. "Acidulated Phosphate."

8. "Economical Phosphate."

9. "Pure Bone and Meal."

AMERICAN REDUCTION CO., No. 1942 Forbes Street, Pittsburg. Pa.

1. "Pittsburg Guano."

2. "Iron City."

3. "Common Sense."

4. "Vegetable Manure."

5. "Fine Ground Bone."
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THE AMERICAN AGRICULTURAL CHEMICAL CO., No. 326 Broadway. New
York, N. Y.

1. "Pure Ground Bone."

2. "Fine Ground Bone."

3. "Bone Meal."

4. "Muriate of Potash."

5. "Genuine German Kainit."

6. "Dissolved Animal Bone."

7. "Gem Alkaline Bone."

THE A. A. C. CO., BRADLEY'S BRANCH, P. O. Box 217, New York, N. Y.

1. "Bradley's Dissolved Bone and Potash."

2. "Bradley's Bean and Potato Phosphate."

3. "Bradley's Soluble Dissolved Bone."

4. "Bradley's Niagara Phosphate."

5. "Bradley's Alkaline Bone with Potash."

6. "Bradley s B. D. Sea Fowl Guano."

THE A. A. C. CO., CANTON CHEMICAL BRANCH, P. O. Box 407, Baltimore,

Md.

1. "Canton-Chemical C. C. C. Special Compound."

2. "Canton-Chemical Baker's Standard H. G. Guano."

3. "Canton-Chemical Baker's Fish Guano."

4. "Canton-Chemical Potato Manure."

5. "Canton-Chemical B. G. Ammoniated Bone."

6. "Canton-Chemical Resurgam Guano."

7. "Canton-Chemical Baker's Special Wheat, Corn and Grass Mixture."

8. "Canton-Chemicai Harrow Brand Crop Grower.''

9. "Canton-Chemical Eagle Phosphate."

10. "Canton-Chemical Soluble Alkaline Bone."

11. "Canton-Chemical Soluble Bone and Potash."

12. "Canton-Chemical Baker's Dissolved Bone Phosphate."

13. "Canton-Chemical Baker's Dissolved S. C. Bone."

THE A. A. C. CO., CHICOPEE GUANO BRANCH, No. 88 Wall Street, New
York, N. Y.

1. "Chicopee Farmer's Reliable."

2. "Cbicopee Standard Guano."

THE A. A. C. CO., CLARK'S COVE BRANCH, P. 0. Box 1779, New York,

N. Y.

1. "Clark's Cove Atlas Bone Phosphate."

2. "Clark's Cove Triumph Bone and Potash."

3. "Clark's Cove Defiance Complete Manure."

4. "Clark's Cove King Philip Alkaline Guano."

5. "Clark's Cove Potato and Hop Grower."

THE A. A. C. CO., CROCKER BRANCH, Buffalo, N. Y.

1. "Crocker's General Crop Grower."

2. "Crocker's Universal Grain Grower."

3. "Crocker's Complete Manure."

4. "Crocker's Complete New Rival Fertilizer."
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5. "Crocker's Wheat and Corn Fertilizer."

6. "Crocker's Potato, Hop and Tobacco Fertilizer."

7. "Crocker's Ammoniated Bone Super-Phosphate."

8. "Crocker's Dissolved Bone and Potash."

9. "Crocker's Dissolved Bone Phosphate."

THE A. A. C. CO., CUMBERLAND BRANCH, No. 27 William Street, New
York, N. Y.

1. "Cumberland Dissolved Bone Phosphate."

2. "Cumberland Bone and Potash."

3. "Cumberland Hawkeye Fertilizer."

THE A. A. C. CO., DETRICK BRANCH, No. 26 Chamber of Commerce, Balti-

more, Md.

1. "Detrick's Quickstep Bone Phosphate for Potatoes and Tobacco."

2. "Detrick's Kangaroo Komplete Kompound."

3. "Detrick's Royal Crop Grower."

4. "Detrick's Standard Potash Fertilizer."

5. "Detrick's Corn and Oats Fertilizer."

6. "Detrick's Imperial Compound."

7. "Detrick's Paragon Ammoniated Bone Phosphate and Potash."

8. "Detrick's P. & B. Special Fertilizer."

9. "Detrick's Bone and Potash (16x4) Mixture."

10. "Detrick's Soluble Bone Phosphate and Potash."

11. "Detrick's Dissolved S. C. Bone."

12. "Orchilla Guano."

THE A. A. C. CO., GREAT EASTERN BRANCH, Rutland, Vt.

1. "Great Eastern Northern Corn Special."

2. "Great Eastern Vegetable, Vine and Tobacco."

3. "Great Eastern Wheat Special."

4. "Great Eastern General."

5. "Great Eastern English Wheat Grower."

6. "Great Eastern Soluble Bone and Potash."

7. "Great Eastern Dissolved Bone."

8. "Great Eastern Unammoniated Wheat Special."

9. "Great Eastern High Grade Cabbage Grower."

THE A. A. C. CO., LAZARETTO GUANO BRANCH, Merchant's Bank Building,

Baltimore, Md.

1. "Lazaretto Crop Grower."

2. "Lazaretto Bone Compound."

3. "Lazaretto Special Potato Fertilizer."

4. "Lazaretto Ammoniated Bone Phosphate."

5. "Lazaretto Excelsior A. A. A."

6. "Lazaretto Dissolved Bone and Potash."

7. "Lazaretto Dissolved Bone Phosphate."

8. "Lazaretto H. G. Dissolved Bone and Potash."
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THE A. A. C. CO., MARYLAND BRANCH, No. 30 S. Holliday Street, Baltimore.

Md.

1. "Maryland Ammonlated Bone."

2. "Maryland O. K. Ammoniated Fertilizer."

3. "Maryland Alkaline Bone."

4. "Maryland Linden Super-Phosphate."

5. "Maryland Bono Super-Phosphate."

6. "Maryland Dissolved S. C. Phosphate."

7. "Maryland Compound for Potatoes and Tobacco."

THE A. A. C. CO., MICHIGAN CARBON WORKS BRANCH, Detroit, Mich.

1. "Red Line Phosphate."

2. "Red Line Phosphate with Potash."

3. "Red Line Complete Manure."

4. "General Crop Fertilizer."

5. "Homestead "A" Bone Black Fertilizer."

THE A. A. C. CO., MILSOM BRANCH, East Buffalo, N. Y.

1. "Milsom's Erie Kmg Fertilizer."

2. "Milsom's Wheat, Oats and Barley Fertilizer."

3. "Milsom's Buffalo Guano."

4. "Milsom's Buffalo Fertilizer."

5. "Milsom's Potato, Hop and Tobacco Fertilizer."

6. "Milsom's Corn Fertilizer."

7. "Milsom's Vegetable Bone Fertilizer."

8. "Milsom's Dissolved Bone and Potash."

9. "Milsom's Acid Phosphate."

10. "Milsom's Dissolved Bone Phosphate."

THE A. A. C. CO., MORO-PHILLIPS BRANCH, No. 708 The Bourse. Phila

delphia, Pa.

1. "Moro-Phillips Pure Phuine."

2. "Moro-Phillips Soluble Bone Phosphate."

3. "Moro-Phillips Wheat Special."

4. "Moro-Phillips Farmers' Phosphate."

5. "Moro-Phillips Farmers' Potato Mixture."

6. "Moro-Phillips Alkaline Bone Phosphate."

7. "Moro-Phillips Special Fertilizer."

8. "Moro-Phillips C. & G. Complete Fertilizer."

9. "Moro-Phillips Standard Guano."

THE A. A. C. CO., NIAGARA BRANCH, P. 0. Box 189, Buffalo, N. Y.

1. "Niagara Grain and Grass Grower."

2. "Niagara Wheat and Corn Producer."

3. "Niagara Dissolved Bone and Potash."

4. "Niagara Dissolved Bone Phosphate."

THE A. A. C. CO., PACIFIC GUANO BRANCH, P. 0. Box 2350, New York, N. Y.

1. "Pacific Dissolved Bone Phosphate."

2. "Pacific Dissolved Bone and Potash."
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3. "Pacific A. No. 1 Phosphate."

4. "Pacific Nobsque Guano."

5. "Pacific Potato Phosphate."

THE A. A. C. CO., PACKERS UNION BRANCH, Rutland, Vt.

1. "Packers Union Gardeners' Complete Manure."

2. "Packers Union Animal Corn Fertilizer."

3. "Packers Union Potato Manure."

4. "Packers Union Universal Fertilizer."

5. "Packers Union American Wheat and Rye Grower."

6. "Packers Union Banner Wheat Grower."

7. "Packers Union Acidulated Bone."

8. "Packers Union Wheat, Oats and Clover."

THE A. A. C. CO., QUINNIPIAC BRANCH, No. 27 William Street, New York,

N. Y.

1. "Quinnipiac Soluble Dissolved Bone."

2. "Quinnipiac Dissolved Bone and Potash."

3. "Quinnipiac Mohawk Fertilizer."

4. "Quinnipiac Climax Phosphate."

THE A. A. C. CO., READ BRANCH, No. 88 Wall Street, New York, N. Y.

1. "Read's Standard Super-Phosphate."

2. "Read's Leader Blood and Bone."

3. "Read's Farmers' Friend Super-Phosphate."

4. "Read's Acid Phosphate (14 Per Cent.)."

5. "Read's Bone and Potash."

THE A. A. C. CO., REESE BRANCH, Equitable Building, Baltimore, Md.

1. "Reese's Standard."

2. "Reese's Potato Phosphate."

3. "Reese's Mayflower."

4. "Reese's Potato Manure."

5. "Reese's Ammoniated Bone Phosphate Mixture."

6. "Reese's Harvest Queen."

7. "Reese's Pilgrim Fertilizer."

8. "Reese's Challenge Crop Grower."

9. "Reese's Half and Half."

10. "Reese's High Grade Potash Mixture, 12x5."

11. "Reese's Crown Phosphate and Potash."

12. "Reese's Grass and Grain."

13. "Reese's Wheat Special."

14. "Reese's Dissolved Phosphate of Lime."

15. "Reese's Elm Phosphate."

THE A. A. C. CO., SHARPLESS & CARPENTER BRANCH, No. 124 S. Delaware

Avenue, Philadelphia, Pa.

1. "Sharpless & Carpenter Corn and Truck Guano."

2. "Sharpless & Carpenter Farmers' Imp. Potato Manure."

3. "Sharpless & Carpenter Gilt Edge Potato and Tobacco Manure."

4. "Sharpless & Carpenter No. 1 Bone Phosphate."
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5. "Sharpless & Carpenter Royal Spring Mixture."

6. "Sharpless & Carpenter Soluble Bone and Potash."

7. "Sliarpless & Carpenter Farmers' Bone Phosphate."

8. "Sharpless «S: Carpenter Dis. Bone Phos. for Potatoes and General Use.

9. "Sharpless & Carpenter No. 2 for Grain and Grass."

10. "Sharpless & Carpenter Soluble Tampico Guano."

11. "Sharpless & Carpenter Acid Phosphate."

THE A. A. C. CO., STANDARD BRANCH, No. 40 Exchange Place, New York,

N. Y.

1. "Standard Dissolved Bone Phosphate."

2. "Standard Bone and Potash."

3. "Standard "A" Fertilizer."

4. "Standard Guano."

THE A. A. C. CO., SUSQUEHANNA BRANCH, Cor. South and Water Streets.

Baltimore, Md.

1. "Susquehanna Potato Phosphate."

2. "Susquehanna Pure Bone Phosphate."

3. "Susquehanna Ammoniated Bone Phosphate."

4. "Susquehanna XXV Phosphate."

5. "Susquehanna Crop Grower."

6. "Susquehanna High Grade Bone and Potash."

7. "Susquehanna Alkaline Bone Phosphate."

8. "Susquehanna Superior Rock Phosphate."

9. "Susquehanna Soluble Bone Phosphate."

THE A. A. C. CO., TYGERT-ALLEN BRANCH, No. 708 The Bourse, Phila-

delphia, Pa.

1. "Tygert-Allen Star Guano."

2. "Tygert-Allen Star Potato Grower."

3. "Tygert-Allen Star Dissolved Bone Phosphate."

4. "Tygert-Allen Star Soluble Bone and Potash."

5. "Tygert-Allen Star Bone Phosphate."

6. "Tygert-Allen Standard Bone Phosphate."

7. "Howitz's Acid Phosphate."

8. "Allen's Popular Phosphate."

9. "Allen's Special Brand Potato Manure."

10. "Allen's Special for Wheat and Grass."

11. "Allen's Nitro Phosphate."

12. "Allen's Alkaline Bone Phosphate."

13. "Yearsley's Philadelphia Standard Phosphate."

THE A. A. C. CO., M. E. WHEELER & CO. BRANCH, Rutland, Vt.

1. "Wheeler's Corn Fertilizer."

2. "Wheeler's Potato Manure."

3. "Wheeler's Superior Truck."

4. "Wheeler's Royal Wheat Grower."
5. "Wheeler's Wheat and Clover Fertilizer."

«. "W^heeler's Electrical Dissolved Bone."
". "Wheeler's Unammoniated Wheat Grower."

n9—6—1902
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THE A. A. C. CO., WILLIAMS & CLARK BRANCH, No. 27 William Street, New
York. N. Y.

1. "Williams & Clark Acorn Acid Phosphate."

2. "Williams & Clark Dissolved Bone and Potash."

3. "Williams & Clark Prolific P^ertilizer."

4. "Williams & Clark Royal Bone Phosphate."

5. "Williams & Clark Americus High Grade Special."

6. 'Williams & Clark Americus Universal Ammoniated Dis. Bone."

7. "Williams & Clark Good Grower Potato Phosphate."

THE A. A. C. CO., ZELL GUANO BRANCH, No. 32 South Street, Baltimore, Md.

1. "Zell's Special Compound for Potatoes and Vegetables."

2. "Zell's Ammoniated Bone Super-Phosphate."

3. "Zell's Hustler Phosphate."

4. "Zell's Economizer Phosphate."

5. "Zell's Little Giant."

6. "Zell's Dissolved Bone Phosphate and Potash."

7. "Zell's Electric Phosphate."

8. "Zell's Dissolved Bone Phosphate."

ANSTINE, A., Stewartstown, Pa.

1. "Bone Phosphate."

THE ARMOUR FERTILIZER WORKS, No. 2G5 LaSalle Street, Chicago, li.

1. "Bone Meal."

2. "Raw Bone Meal."

3. "Phosphate and Potash."

4. "Wheat, Corn and Oats Special."

5. "Ammoniated Bone and Potash."

6. "Fruit and Root Crop Special."

7. "All Soluble."

8. "Eone, Blood and Potash."

9. "Armour's Royal Amm. Bone."

10. "High Grade Potash."

11. "Grain Grower."

12. "Star Phosphate."

13. "Cereal Phosphate."

14. "Phosphate and Potash No. 2."

15. "Armour's Wheat Special."

16. "Special Mixture."

AUCKER, R. S., Shamokin, Pa.

1. "Bone Meal."

2. "Bone Meal with Potash."

3. "High Grade Bone and S. H. Phosphate."

4. "Grade A. Bone and Slaughter House Phosphate."

5. "Grade B. Bone and Slaughter House Phosphate."

6. "Grade D. Bone and Slaughter House Phosphate "

7. "Grade E. Bone and Slaughter House Phosphate."

S. "Economy Potash Phosphate."

9. "High Grade Acid Phosphate."
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BALTIMORE PULVERIZING COMPANY, Nos. 13 and 15 North Street, Balti-

more, Md.

1. "Pennimau's Excelsior Fertilizer."

2. "Farmer's Favorite Fertilizer."

3. "Special Spring and Fall Mixture."

4. "Penniman's Special Guano."

5. "Truckers' Choice."

6. "South Carolina Bone Phosphate."

BARTENSCHLAGER, J. H., Stewartstown, Pa.

1. "Bartenschlager's Champion Bone Phosphate."

BAUGH & SONS COMPANY, No. 20 S. Delaware Avenue, Philadelphia, Pa.

1. "Baugh's Bone Meal, Warranted Pure."

2. "Baugh's Pure Dissolved Animal Bone."

3. "Export Bone with Potash."

4. "Baugh's Animal Bone and Potash—Compound for all Crops."

5. "The Twenty-five Dollar Phosphate."

6. "Baugh's Double Eagle Phosphate."

7. "Baugh's General Crop Grower—For all Crops."

8. "Baugh's Soluble Alkaline Super-Phosphate."

9. "Baugh's Wheat Fertilizer—For Wheat and Grass."

10. "Baugh's Potato Fertilizer."

11. "Baugh's Corn Fertilizer—For Sugar Corn and Garden Truck."

12. "The Wrapper Leaf Brand—A Special Manure for Seed Leaf Tobacco."

13. "Baugh's Special Potato Manure."

14. "Baugh's High Grade Acid Phosphate."

15. "Baugh's Ammoniated Soluble Alkaline."

BAUGHMAN, WILLIAM F., Rinely, Pa.

1. "P. & T. Special."

2. "Ammoniated Bone Phosphate."

3. "Harvest Queen Phosphate."

BAXTER, H. v., Chester, Pa.

1. "Pure Ground Bone."

2. "IXL Phosphate."

BERG COMPANY, THE, Port Richmond, Philadelphia, Pa.

1. "Berg's Special Potato Guano."

2. "Berg's Lymph Guano for all Crops."

3. "Berg's $35.00 Potato Manure."

4. "Berg's Standard Bone Manure."

5. "Berg's Pure Dissolved Bone and Potash."

6. "Berg's Pure Raw Bone Fine."

7. "Berg's Special $25.00 Bone Manure."
8. "Berg's Truckers' Jay Guano."

BERGER BROTHERS, Easton, Pa.

1. "Berger Bros. H. G. Acid Phosphate."

2. "Peerless."

BIRELY, A. D. & SONS, Ladiesburg, Md.

1. "Ammoniated Bone Phosphate."

2. "Special Mixture, Wheat and Grass."

3. "Dissolved Animal Bone and Potash."



932 ANNUAL REPORT OF THE Off- Doc,

3. "Wheat and Grass."

4. ••Lehigh Super-Phosphate."

5. "Potato and Truck."

BLAKER, A. H.. & CO.. Fox Chase. Philadelphia. Pa.

L "Blakers Acid Phosphate."

2. "Blakers Special for General Use."

3. "Blakers Special for Potatoes."

4. "Blaker's Ground Bone."

BLOCHER, D., & CO., Gettysburg, Pa.

L "Dissolved Raw Bone and Potash."

2. "High Grade Super-Phosphate of Bone."

3. "Ammoniated Soluble Bone Phosphate."

4. "Alkaline Bone."

5. "DissolTed Bone Phosphate."

BOXDAY, JAMES, JR., & CO., No. 302 Merchants' Bank Building, Baltimore,

Md.

1. "Sulphate of Potash."

2. "Muriate of Potash."

3. 'Germai: Kainit—Old Reliable Brand."

BOWKER FERTILIZER COMPANY, THE, No. 43 Chatham Street, Boston,

Mass.

L "Stockbridge Potato and Vegetable Manure."

2. "Bowkers Potash or Staple Phosphate."

3. "Bowker's Sure Crop Phosphate."

4. "Bowker's Ammomated O. I. O."

5. "Bowker's Super-Phosphate and Potash."

6. "Bowker's Apes Phosphate."

7. "Bowkers Dissolved Bone Phosphate."

8. "Bowkers 6 Per Cent. Potato Fertilizer."

9. "Bowkers Potash Bone."

10. "Bowker's Empire State Bone Phosphate."

U. "Bowker's Hill and Drill Phosphate."

12. "Bowkers Farm and Garden Phosphate."

13. "Bowker's Wheat Grower."

14. "Bowker's Market Garden."

15. "Bone Meal."

BRADLEY & GREEN FERTILIZER CO., Ninth Street and Girard Avenue,

Philadelphia, Pa.

"Potato Gtiano No. 1."

"Harvest Home."
"High Grade Acid Phosphate."

"Popular Phosphate—Special for Wheat."

"Standard Bone Phosphate—For Com, Wheat and Peas."

"ilarket Garden."

"Seven Per Cent. .-^lomoniaied Guano."
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BRILLINGER, HORACE, Emigsville, Pa.

1. "Brillinger's Special Wheat, Corn and Grass Mixture

2. "Standard High Grade Phosphate."

BRODBECK, S. M., Brodbecks, Pa.

1. "Standard."

2. "Reliable."

3. "Alkaline."

4. "Ruth Dissolved Bone."

BROMFIELD & FOSTER, Colora, Md.

1. "Potato Phosphate."

2. "B. F. Ammoniated Bone."

BROWN, J, W., Tilden, York Countj, ^a.

1. "No. 7. Compound Fertilizer."

BRUBACHER, ELIAS S., Millbach, Pa.

1. "Wheat and Grass Special."

BUCYRUS FERTILIZER CO., THE, Bucyrus, O.

1. "Superior Pure Ground Bone."

2. "Bucyrus Bone Meal."

3. "Bucyrus Guano."

4. "Buckeye Wheat Grower."

5. "Potter's Standard Phosphate."

6. "Natural Plant Food."

7. "Dissolved Bone."

8. "Acid Phosphate."

CAMBRIA FERTILIZER COMPANY, Johnstown, Pa.

1. "Pure Fine Ground Bone Dust."

2. "Lion Ammoniated Bone Phosphate."

3. "Standard Phosphate."

4. "Corn and Potato Manure."

5. "B. & B. Phosphate."

CARROLL, G. & W. H., Plymouth Meeting, Pa.

1. "C. Prepared Lime and Potash"

CHICAGO FERTILIZER CO., THE, Security Building, Chicago, 111.

1. "Mt. Pleasant Phosphate."

2. "No. 1 Acid Phosphate."

3. "Bone, Blood and Potash."

4. "Potash Special."

5. "Corn and Wheat Special."

CINCINNATI PHOSPHATE CO., THE, Cincinnati, O.

1. "Capitol Wheat Grower."

2. "Capitol Grain and Grass Grower."

3. "Capitol Dissolved Bone and Potash."

4. "Capitol Super-Phosphate."

5. "Capitol Tobacco Food."

6. "Capitol Ground Bone."
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COE COMPANY, E. FRANK, No. 133 Front Street, New York, N. Y.

1. "High Grade Soluble Bone."

2. "XXV Phosphate. (Ammoniated Bone.)"

3. "Prize Brand Grain Fertilizer."

4. "Special Dissolved—Bone and Potash."

5. "High Grade Acid Phosphate."

6. "Pennsylvania Grain Special."

7. "Columbian Corn Fertilizer."

8. "Columbian Potato Fertilizer."

9. "XXX Acid Phosphate."

COPE, HENRY, & COMPANY, Lincoln University, Pa.

1. "Acid Phosphate."

2. "Soluble Bone and Potash."

3. "Ammoniated Bone Phosphate."

4. "Pure Bone Phosphate."

5. "Potato and Corn Phosphate."

6. "Dead Shot Phosphate."

7. "Pure Ground Bone."

8. "Queen of Elk Valley."

9. "Wheat Grower and Complete Manure."

10. "High Grade Soluble Bone and Potash."

11. "Pure Steamed Bone."

COPE, JOSIAH & COMPANY, Lincoln University, Pa.

1. "Pure Bone Phosphate."

2. "Try Me Bone Phosphate."

3. "Ammoniated Bone Phosphate."

4. "Wheat and Grass Special."

5. "Potato and Tobacco Phosphate."

6. "Acidulated Phosphate."

7. "Soluble Bone and Potash."

8. "Ground Steamed Bone."

9. "Ground Raw Bone."

10. "High-Grade Soluble Bone and Potash."

CRANSTON COMPANY, J. A., Wilmington, Del.

1. "W. B. Raw Bone Super-Phosphate."

2. "Pennsylvania Super-Phosphate."

3. "Horse Shoe Soluble Bone."

3. "Horse-Shoe Soluble Bone."

DARON, E., Dover, Pa.

1. "Daron's Harvest King Bone Phosphate."

DICKEY, J. SCOTT, No. 630 Prince Street, Lancaster, Pa.

1. "Dickey's Pulverized Tohacco Stem Fertilizer.
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DOWNWARD & COMPANY, JAMES G., Coatesville, Pa.

1. "Ammoniated Bone Phosphate."

2. "Soluble Bone and Potash."

3. "Wheat and Grass Fertilizer."

4. "Acid Phosphate Rock."

5. "Royal Bone Phosphate."

6. "Special Potato Phosphate."

7. "Special Corn Manure."

8. "Pure Ground Bone."

9. "Pioneer Raw Bone Phosphate."

10. "Special Asparagus Mixture."

DUNGAN, WALLACE, Doyle&town, Pa.

1. "Pebel Hill Home Made Animal Bone Mixture."

2. "Bone Flour."

EASTERN CHEMICAL COMPANY, No. 620 Atlantic Avenue, Boston, Mass

1. "Imperial Liquid Plant Food."

EBY, AMOS, Lehman Place, Pa.

1. "Pequea Bone."

2. "Pequea Economy."

3. "Pequea Ammoniated."

4. "Pequea Bone for Potatoes."

5. "Farmers' Mixture."

EUREKA FERTILIZER COMPANY, Perryville, Md.

1. "Farmers' Favorite Bone Phosphate."

2. "Standard Bone Phosphate."

3. "Grain and Grass Mixture."

4. "Corn and Potato Special."

5. "P. & P. Super-Phosphate."

6. "Potato and Vegetable Fertilizer."

7. "Imperial Bone Phosphate."

8. "Fish, Rock and Potash."

9. "Alkaline Bone and Potash."

10. "Ground Bone."

11. "Eureka Complete Fertilizer."

12. "Wrapper Leaf for Tobacco."

EWING, WASHINGTON, Landenberg, Pa.

1. "Pure Raw Bone."

2. "Eclipse Raw Bone Phosphate."

3. "Waste Land Potato Phosphate."

FAIRLAMB, R. C, & SONS, Brandywine Summit, Pa.

1. "Potato Special."

2. "Corn Special."

3. "Wheat and Grass Special."
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B^ARMERS' FERTILIZER COMPANY, Westminster, Md.

1. "No. 3 Bone Phosphate."

2. "XX Bone Phosphate."

3. "Carroll Bone Phosphate."

4. "P. A. & P. Phosphate."

5. "Acid Phosphate."

FARMER, W. S., & CO., No. 21 S. Gay Street. Baltimor«, Md.

1. "Standard Phosphate."

2. "Harvest Queen Phosphate."

3. "Clyde Brand Phosphate."

4. "B. & P. Phosphate."

5. "Dissolved S. C. Bone."

FOGLEMAN, W. H., Williamsport, Pa.

1. "Pure Bone and Potash."

FRETZ, MAHLON, Sellersville, Pa.

1. "Fretz's Standard Bone Phosphate."

FULTON, JAMES, & SONS CO., Stewartstown, Penna.

1. "Fulton's Corn and Wheat Fertilizer."

GAWTHROP, JOSEPH R., Kennett Square, Pa.

1. "Fine Ground Raw Bone Meal."

2. "Champion Bone Fertilizer for Wheat and Grass."

3. "Complete Ammoniated Bone Phos. for Corn, Oats, Potatoes and Wheat."

4. "Acid Phosphate Rock."

GLICK, L N., R. I<\ D. No. 6, Lancaster, Pa.

1. "Up to Date Grain and Grass Grower."

GRIFFITH & BOYD, No. 9 S. Gay Street, Baltimoie, Md.

1. "Cereal Bone Plant Food."

2. "Valley Fertilizer."

3. "Peerless Fertilizer."

4. "High Grade Acid Phosphate."

5. "Harvest Quten Phosphate."

6. "XX Potash Manure."

7. "Original Super-Phosphate."

8. "Farmers' Potato Manure."

9. "Ammoniated Bone Phosphate."

10. "Farmers' Improved Phosphate."

11. "Double Strength Tobacco Grower."

12. "Spring Crop Grower."

13. "Pure Fine Ground Bone Meal."

14. "Fish, Bone and Potash."

15. "Special Grain Grower."

16. "Royal Potash Guano."

17. "Stable Manure Substitute."
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GROVE, A. M., & CO., Muddy Creek Forks, Pa.

1. "A. M. G. & Co's Standard Bone Phosphate."

HAGER, H. P., Quakertown, Pa.

1. "Hager's Ammoniated Super-Phosphate."

2. "Panic Phosphate."

3. "Farmers' Favorite Phosphate."

HANOVER FERTILIZER COMPANY, N. E. Cor. Gay and Lombard Streets,

Baltimore, Md.

1. "Dissolved S. C. Rock."

2. "Royal Bone and Potash."

3. "Farmers' Crop Winner."

4. "Blood and Bone Compound."

5. "Excelsior Combine."

6. "Klondyke Special."

7. "Pure Bone Meal."

8. "High Grade Bone Potash.

9. "Dissolved Raw Bone."

HARDY PACKING COMPANY, THE, No. 189 Madison Street, Chicago, 111.

1. "Hardy's Crop Producer."

2. "Hardy's Tankage, Bone and Potash."

3. "Hardy's Potash Fertilizer."

4. "Hardy's Phosphate and Potash."

HARTRANFT, FRANK, Coatesville, Pa.

1. "Ground Bone."

2. "Coon Bone Phosphate."

3. "Ammoniated Bone Phosphate."

4. "Potato Phosphate."

5. "Special Phosphate."

6. "Acid Phosphate."

HASTINGS, WILLIAM S., & SON., Atglen, Pa.

1. "Clear Acid Phosphate."

2. "Atglen Corn and Potato Guano."

3. "Grain and Grass Special."

4. "Soluble Bone and Potash."

5. MOctararo No. 1 Bone Phosphate."

HESS, S. M., & BRO., S. E. Cor. Fourth and Chestnut Streets, Philadelphia, Pa.

1. "Ammoniated Bone Super-Phosphate."

2. "Keystone Bone Phosphate."

3. "Wheat and Grass Manure."

4. "Emperor Phosphate."

5. "Potato and Truck Manure."
6. "High Grade Acid Phosphate."

7. "Ground Bone."

8. "Special Compound."
9. "Special Corn Manure."

10. "Special Potato Manure."

11. "Soluble Bone."

57
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12. "Soluble Bone and Potash."

13. "Tobacco Manure."

14. "Fish and Potash Manure."

15. "The Scientific Manure. '

HOFFMAN, P., & BRO., Raubsville, Pa.

1. "Potato Phosphate."

2. "King Phosphate."

HEWETT FERTILIZER COMPANY, THE, Scranton, Pa.

1. "Pure Ground Bone."

HUBBARD & COMPANY, M. P., & CO., No. 612 Equitable Building, Balti-

more, Md.

1. "Hubbard's Bermuda Guano."

2. "Celebrated Dissolved Bone Phosphate for General Use."

3. "Farmers' Acme."

4. "Farmers' Old Economy."

5. "High Grade Soluble Bone and Potash."

6. "Hubbard's Excelsior Bone Phosphate."

7. "Pennsylvania Special Potato Grower."

8. "H. S. Soluble S. C. Phosphate."

HUBBARD FERTILIZER COMPANY, THE, No. 708 Merchants' Bank Building,

Baltimore, Md.

1. "Hubbard's Standard Bone Super-Phosphate."

2. "Hubbard's Royal Ensign—For Early Market Vegetables."

3. "Hubbard's Farmers' IXL Super-Phosphate."

4. "Hubbard's Wheat Grower's Jewel."

5. "Hubbard's Oriental Phosphate."

6. "Hubbard's Columbia Gem Phosphate."

7. "Hubbard's Soluble Bone and Potash."

8. "Hubbard's High Grade Soluble Tennessee Phosphate."

9. "Hubbard's Trucker's 7 Per Cent. Royal Seal Compound."

INDEX COMPANY, THE, No. 426 N. Third Street, Philadelphia, Pa.

1. "Radix Fertilizer."

2. "Index Bone Phosphate."

3. "Index Ground Bone."

4. "Index Bone Meal."

5. "Index Bone Flour."

6. "Spiro Bone Meal."

7. "Michell's Bone Phosphate."

8. "Michell's Pure Bone Meal."

INTERNATIONAL SEED COMPANY, Rochester, N. Y.

1. "International Grain and Grass Fertilizer."

2. "International Potato and Truck Manure."

3. "International A. L. Special Manure."
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JARECKI COMMERCIAL COMPANY, Sandusky, Ohio.

1. "Lake Erie Fish Guano."

2. "Fish and Potash Grain Special."

3. "Number One Fish Guano."

4. "C. 0. D. Phosphate."

5. "Pure Ground Bone."

6. "St. Bernard Phospliate."

7. "Dissolved Bone Black Wheat Special."

8. "Fish and Potash Potato and Tobacco Food."

9. "0. K. Fertilizer."

10. "Dissolved Bone with Potash."

JONES, W. C, SONS, Doe Run, Pa.
;

L "High Grade Dissolved S. C. Rock."

2. "Dissolved Bone Phosphate."

KENDERDINE, T. S., & SONS, Newtown, Pa.

1. "Kenderdine's Potato Phosphate."

2. "Kenderdine's Bone Phosphate."

3. "Kenderdine's Ammoniated Phosphate."

KUHNS, DAVID, Lehighton, Pa.

1. "Pure Ground Bone Meal."

KURTZ & STUNKARD, Green Bank, Pa.

1. "Conestoga Regulator."

2. "Conestoga Fancy."

LACKAWANNA FERTILIZER & CHEMICAL CO., Moosic, Pa.

1. "Moosic Phosphate."

2. "Special Manure."

3. "Our Admiral Dewey."

4. "Bone Super-Phosphate."

5. "Alkaline Bone."

6. "Warranted Pure Ground Bone."

7. "Acid Phosphate."

8. "Big Yield."

9. "Wyoming Guano."

10. "Kali Chief."

LANCASTER CHEMICAL COMPANY, Lancaster, Pa.

1. "Tobacco and Vegetable."

2. "Dewey Brand."

3. "Pure Dissolved Animal Bone and Potash."

4. "Rising Sun Animal Bone."

5. "Pure Dissolved Animal Bone."

6. "Flag Brand."

7. "Hard Times Fertilizer."

8. "Economist."

9. "Acid Phosphate."

10. "Keystone Brand."

11. "Alkaline Bone."

12.-"Bone Meal."

13. "Special Potato Manure."
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LEBERNIGHT, B. F., Red Lion, Pa.

1. "Lebernight's Standard Ammoniated Bone Phosphate."

LEIB, J, C, & Co., Stewartstown, Pa.

1. "Gemmills Mixture."

LETHERBURY, D. A., Chester, Pa.

1. "Chester Brand Bone Phosphate."

LEVAN, DANIEL, Lebanon, Pa.

1. "Wheat and Grass Special."

2. "Keystone Bone Fertilizer."

3. "Bone and Potash Compound."

LISTER'S AGRICULTURAL CHEMICAL WORKS, Newark, N. J.

1. "Lister's Animal Bone and Potash."

2. "Lister's Animal Bone and Potash No. 2."

3. "Lister's Corn and Potato Fertilizer."

4. "Lister's Success Fertilizer."

5. "Lister's Standard Pure Bone Super-Phosphate."

6. "Lister's Potato Fertilizer No. 2."

7. "Lister's Special Wheat Fertilizer."

8. "Lister's Special 10 Per Cent. Potato Fertilizer."

9. "Lister's "G" Brand."

10. "Lister's Special Crop Producer."

11. "Lister's Ammoniated Dissolved Bone Phosphate."

12. "Lister's Harvest Queen Phosphate."

13. "Lister's Potato Manure."

14. "Lister's U. S. Super-Phosphate."

15. "Lister's Alkaline Bone."

16. "Lister's 3—6—10 for Potatoes."

17. "Lister's Celebrated Ground Bone Acidulated."

18. "Lister's Pure Raw Bone Meal."

McCALMONT & CO., Bellefonte, Pa.

1. "McCalmont & Go's. $25.00 Ammoniated Bone Super-Phosphate."

MAPES FORMULA AND PERUVIAN GUANO CO., No. 143 Liberty Street, New
York, N. Y.

1. "Mapes Potato Manure."

2. "Mapes Tobacco Starter Improved."

3. "Mapes Tobacco Manure (Wrapper Brand)."

4. "Mapes Fruit and Vine Manure."

5. "Mapes Vegetable Manure or Complete Manure for Light Soils."

6. "Mapes Average Soil Compound Manure."

7. "Mapes Economical Potato Manure."

8. "Mapes Cauliflower and Cabbage."

9. "Mapes Corn Manure."

10. "Mapes Complete Manure, "A" Brand."



No. 6. DEPARTiMENT OF AGRICULTURE. 941

11. "Mapes Complete Manure for General Use."

12. "Mapes Ammoniated Dissolved Bone with. Potash."

13. "Mapes Cereal Brand."

14. "Mapes Grain Brand."

15. "Mapes General Crop Brand."

16. "Mapes Top Dresser Improved—Half Strength."

MARKEL, NOAH, Seitzland, Pa.

1. "Markers Ammoniated Bone Phosphate."

2. "Markers Potato Grower."

3. "Markers Electric Phosphate."

MARTIN CO., THE D. B., 1204 Land Title Building, Philadelphia, Pa.

1. "Special Dissolved Bone and Potash Compound."
2. "Claremont Dissolved Bone and Potash."

3. "Pure Dissolved Animal Bone."

4. "Ground Bone."

MEHRING, FREDERICK, Bruceville, Pa.

1. "Dissolved Raw Bone."

2. "Twenty-six Dollar Phosphate."

3. "General Crop Grower."

4. "Acid Phosphate.'

MILLER FERTILIZER COMPANY, No. 411 E. Pratt Street, Baltimore, Md.

1. "Ammoniated Dissolved Bone."

2. "Harvest Queen."

3. "Special Potato."

4. "Hustler Phosphate."

5. "W. G. Phosphate."

6. "Standard Phosphate."

7. "Clinch Phosphate."

8. "South Carolina Rock."

MORRIS, NELSON & CO., Union Stock Yards, Chicago, 111.

1. "Big Two. Pure Bone Meal."

2. "Big Three. Bone Phosphate."

3. "Big Four. Bone Phosphate."

4. "Big Five. Bone Phosphate."

MOWREY LATSHAW HARDWARE CO., THE, Spring City, Pa.

L "Red Clover Brand."

NASSAU FERTILIZER CO., No. 5 Beaver Street, New York, N. Y.

1. "Soluble Bone and Potash."

2. "Grass and Grain Fertilizer."

3. "Potash and Phosphate."

4. "Wheat and Grass Grower."

5. "General Favorite."
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6. "Nassau Practical."

7. "Common Sense Fertilizer."

8. "The Harvester."

9. "Plow Brand."

10. "Raw Ground Bone."

11. "Acid Phosphate."

12. "Muriate of Potash."

NELLER, AUG., & CO., Stewartr:!..-.v. n, iVi

1. "Prolific Phosphate."

2. "Special Compound Phosphate."

NEW JERSEY AGRICULTURAL CHEMICAL CO., Newark, N. J.

1. "Potato Manure."

2. "Champion."

3. "Russell's Ground Bone."

4. "Russell's Ammoniated Dissolved Bone Phosphate."

5. "Russell's Special Corn Manure."

6. "Harvest Queen."

NEWPORT, WILLIAM C, CO., Willow Grove, Pa.

1. "Evan's Brand Potato and Tobacco Manure."

2. "Rectified Phosphate."

3. "Gilt Edge Potato Manure."

4. "Fish, Bone and Potash."

5. "Farmers' Ammoniated Bone Phosphate."

6. "Grain and Grass Special."

7. "Soluble Bone and Potash."

8. "Acid Phosphate."

9. "Bone Meal."

10. "Newport's Special Compound for Wheat and Grass."

11. "No. 1 Bone Phosphate."

12. "Truckers' Joy."

13. "Potato. Tobacco and Truck Guano."

OBER, G., & SONS, No. 33 S. Gay Street, Baltimore, Md.

1. "Ober's Special Plant Food."

2. "Ober's Farmers' Mixture."

3. "Ober's Dissolved Bone Phosphate and Potash."

4. "Ober's Dissolved Bone Phosphate."

5. "Ober's Independent Ammoniated Super-Phosphate."

OHIO FARMERS' FERTILIZER CO., Columbus, O.

1. "Acid Phosphate."

2. "Superior Phosphate."

3. "Soluble Bone and Potash."

4. "General Crop and Fish Guano."

5. "Corn, Oats and Wheat Fish Guano."

6. "Wheat Maker and Seeding Down."

7. "Fine Ground Bone Meal."

8. "Ammoniated Bone and Potash."
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OSCEOLA FERTILIZER COMPANY, Osceola Mills, Pa.

1. "Pie Brand Ground Bone."

2. "Ideal Manure."

OWENS, W. C, Philipsburg, Pa.

1. "Owens' Ammoniated Phosphate."

PATAPSCO GUANO COMPANY, P. O. Box 213, Baltimore, Md.

1. "Patapsco Pure Ground Bone."

2. "Patapsco Soluble Bone and Potash."

3. "Patapsco Fish Guano."

4. "Patapsco Special Wheat Compound."
5. "Sea Gull Guano."

6. "Coon Brand Guano."

7. "Baltimore Soluble Phosphate."

8. "Patapsco Dissolved S. C. Bone."

9. "Grange Mixture."

10. "Patapsco Grain and Grass Producer."

11. "Patapsco Early Trucker."

12. "Patapsco Tobacco and Potato Fertilizer."

13. "Patapsco Corn and Tomato Fertilizer."

14. "Patapsco High Grade Bone and Potash."

15. "Battle Ax Phosphate."

PATTERSON FERTILIZER CO., No. 4025 Market Street, Philadelphia, Pa.

1. "Patterson's Mineral Compound."

PENNSYLVANIA AMMONIA AND FERTILIZER CO., LIM., Harrisburg, Pa.

1. "Potato, Vegetable and Tobacco."

2. "Dauphin Brand."

3. "Pure Ground Bone."

4. "Capital Bone Super-Phosphate."

5. "Royal Mixture."

6. "Soluble Bone and Potash."

7. "General Crop Grower."

PERKINS, A. W., & CO., Rutland, Vt.

1. "Plantene."

PERKINS, J. DOUGLASS, Coatesville, Pa.

1. "Perkins' Monarch Phosphate."

2. "Perkins' Ammoniated Bone Phosphate."

3. "Perkins' Special Bone Manure."

4. "Perkins' Globe Phosphate."

5. "Perkins' Pure Bone Meal."

6. "Perkins' Acidulated Phosphate."
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PIEDMONT-MT. AIRY GUANO CO., THE, No. 109 Commerce Street, Balt'-

more, Md.

1. "Levering's Standard."

2. "Piedmont High Grade S. C. Bone."

3. "Piedmont Royal Ammoniated Bone and Potash."

4. "Piedmont Soluble Bone and Potash."

5. "Piedmont Pure Raw Bone Mixture."

6. "'Levering's Harvest Queen."

7. "Levering's IXL Phosphate."

8. "Diamond (S) Soluble Bone."

9. "Piedmont Pennsylvania Potato Producer."

10. "Piedmont Special Potato Goods."

11. "Levering's Ammoniated Bone."

PITTSBURG PROVISION CO., Pittsburg, Pa.

1. "No. 1 Pure Raw Bone Meal."

2. "Pure Raw Bone Meal."

3. "Crescent Butchers' Ground Bone."

4. "Pure Bone with Potash."

5. "Corn and Potato Fertilizer."

6. "Keystone Fertilizer."

7. "Guano Fertilizer."

8. "Acid Phosphate."

9. "Phosphate and Potash."

POLLOCK, R. H., No. 51 S. Gay Street, Baltimore, Md.

1. "Dissolved S. C. Bone."

2. "Victor Bone Phosphate."

3. "Superior Corn and Tomato Fertilizer."

4. "Owl Brand Guano."

5. "Special Potato and Tobacco Fertilizer."

6. "Special Wheat Grower."

7. "Ammoniated Bone Phosphate."

8. "Soft Ground Bone."

9. "Dissolved Animal Bone."

10. "Grain and Vegetable Compound."

PUGH & LYON, Oxford, Pa.

1. "Ground Raw Bone."

2. "Bone Phosphate."

RAMSBURG FERTILIZER COMPANY, Frederick, Md.

1. "Excelsior Plant Food."

2. "Old Virginia Compound."
3. "Ammoniated Bone Phosphate."

4. "Alkaline Phosphate."

5. "Dissolved Bone Super-Phosphate."

6. "Ramsburg's Queen."
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RASIN-MONUMENTAL COMPANY, No. 300 Water Street, Baltimore, Md.

1. "Rasin's Empire Guano."

2. "Rasin's Ammoniated Super-Pliospliate."

3. "Rasin's Bone and Potash Fertilizer."

4. "Rasin's Acid Phosphate."

5. "Rasin's IXL Fertilizer."

6. "Special Formula for Corn and Buckwheat."

7. "Seawall Special."

8. "Rasin's Ammoniated Alkaline Phosphate."

9. "Rasin's Wm. Penn Crop Grower."

10. "Monumental Soluble Bone and Potash."

11. "Monumental Acid Phosphate."

12. "Arundel Complete."

RAUH, E., & SONS., No. 419 S. Penn Street, Indianapolis, Ind.

1. "Dissolved Bone and Potash."

2. "Soluble Bone."

3. "Ideal Phosphate."

4. "Fish Guano."

5. "Our Special."

READING CHEMICAL AND FERTILIZING CO., LIM., Reading, Pa.

1. "Potato and Vegetable Brand."

2. "Neversink Brand."

3. "A. A. Brand."

4. "Mt. Penn Brand."

5. "Reading Star Brand."

REESE, JACOB, No. 400 Chestnut Street, Philadelphia. Pa.

1. "Odorless Slag Phosphate."

REICHARD, J. G. & BRO., Allentown, Pa.

1. "The Lehigh Potato Manure."

2. "Surface Phosphate."

3. "Little Giant Phosphate."

RICE, HAMPTON, Lumberville, Pa.

1. "W. Kenderdine's A. A. Phosphate."

2. "W. Kenderdine's A. B. Phosphate."

RITTER & WARNER, Indiana, Pa.

1. "Mare Fertilizer."

RIVERSIDE ACID PHOSPHATE, Warren, Pa.

1. "Harvest Moon Phosphate."

2. "Rich-acre Phosphate."

3. "Old Gold Phosphate."

4. "Phosphate and Potash,"

60—6—1902
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SALE, GEORGE E. (Sandiford), Philadelphia, Pa.

1. "Geo. F. Sale's Special Manure for all Crops."'

SCriAAL-SHELDON FERTILIZER CO., Erie, Pa.

1. "Sheldon's Empire."

2. "Sheldon's Farmers' Favorite."

3. "Schaal's Staudaixl."

4. "Sheldon's Grass, Grain and Potato."

5. "Schaal's Corn and Potato."

(>. "Sheldon's Guano."

7. "Pure Bone Meal."

8. "Dissolved Bone and Extra Potash."

9. "Dissolved Bone and Potash."

10. "Dissolved Bone.'"

SCHMUCHER, A. B., Hazleton, Pa.

1. "Hazel Brand."

SCIENTIFIC FERTILIZER CO., THE, Pittsburg, Pa.

L "Scientific Corn and Grain Fertilizer."

2. "scientific Economy."

3. "Scientific Bone, Meat and Potash Fertilizer."

4. "Scientific Potato Fertilizer."

5. "Scientific Dissolved Bone Fertilizer."

6. "Scientific Phosphate and Potash Fertilizer."

7. "Bone and Meat."

8. "Pure Raw Bone Meal."

9. "High Grade Acid Phosphate."

10. "Scientific Wheat and Clover Fertilizer."

11. "Scientific Grain Grower."

12. "Scientific Bone and Potash Fertilizer."

13. "Patrons' Special."

SCOTT FERTILIZER CO., THE, Elkton, Pa.

1. "Sure Growth Super-Phosphate."

2. "Standard Phosphate."

3. "Elk Head Super-Phosphate."

4. "Corn and Oats Grower."

5. "Tip Top Soluble Bone."

6. "Scott's Potato Grower."

7. "Potato, Truck and Tobacco Grower."

8. "Wheat and Grass Grower."

9. "Tip Top and Potash."

10. "Sure Growth Compound."

11. "Fritch's Grain Special."

12. "Grain Special."

SHENANDOAH FERTILIZER COMPANY, Shenandoah, Pa.

1. "Standard Potash Brand."

2. "Ringtown Clover."

3. "Gold Eagle."

4. "N. & S. Complete Clover."

5. "Special Wheat."

6. "Pure Ground Bone."
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SHOEMAKER, M. L., & CO., Cor. Delaware Avenue and Venango Streets.

Philadelphia, Pa."

1. "Swift Sure Phosphate for General Use."

2. "Swift Sure Phosphate for Potatoes."

3. "Swift Sure Phosphate for Tobacco."

4. "Swift Sure Special 10 Per Cent. Potato Fertilizer No. 1."

5. "Swift Sure Special 10 Per Cent. Potato Fertilizer No. 2."

C). "Swift Sure Guano for Tomatoes, Truck and Corn."

7. "Swift Sure Guano for Fall Trade."

S. "Swift Sure New Jersey Special for Oats."

9. "Swift Sure New Jersej^ Special for Wheat ami Clover."

10. "Swift Sure Bone Meal."

11. "Swift Sure Dissolved Bone."
12. "Good Enough Phosphate."

13. "Echo Phosphate."

14. "Twenty-three Dollar Phosphate."

1o. "Dissolved S. C. Rock."
16. "Pure Raw Bone Meal."

17. "Dissolved Bone and Potash."

SICKLER, CHAS. A., & BRO., Wilkes-Barre, Pa.

1. "Special Manure for Potatoes and Vegetables.'

2. "Vegetable and Vine Fertilizer."

3. "Empire Phosphate."

4. "King Phosphate."

5. "Monarch Phosphate."

6. "Pure Ground Bone."

7. "Graves Potato and Tobacco Manure."
8. "Peerless Phosphate."

9. "Empire Corn Fertilizer."

SIMOxs, X . A., Maud P. 0., Pa.

1. "Truck and Corn."

2. "Potato Grade."

3. "General Use."

SLAGLE, E. A., Paxinos, Pa.

1. "Xtra Bone Phosphate."

SMYSER, H. H., York, Pa.

1. "Chicago Soluble Bone."
2. "Chicago Crop Grower."
3. "Chicago Bone and Tankage."
4. "Chicago Bone and Potash."

SOUTHERN FERTILIZER COMPANY, York, Pa.

1. "Ox Brand Ammoniated Dissolved Bone."
2. "Ox Brand Special Potato Grower."
3. "Ox Brand General Crop Grower."
4. "Ox Brand Farmers' Choice Brand."
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5. "Ox Brand Dissolved Bone Phosphate. '

6. "Ox Brand Soluble Bone and Potash."

7. "Ox Brand Queen of the Harvest."

8. "Ox Brand Pure Ground Bone."

9. "Bone and Potash Mixture."

10. "Royal Wheat and Grass Grower."

11. "Farmer's Mixture."

STERNER, E. H., Codorus, Pa.

1. "Sterner's Dissolved Bone Phosphate."

STRAINING, JOHN E., No. 1752 N. Cameron Street, Harrisburg, Pa.

1. "Bone and Meat Fertilizer."

SWIFT & COMPANY, Union Stock Yards, Chicago, 111.

1. "Swift's Super-Phosphate."

2. "Swift's Complete Fertilizer."

3. "Swift's Ammoniated Bone."

4. "Swift's Pure Raw Bone Meal."

5. "Swift's Bone Meal."

6. "Swift's Diamond (S) Phophate."

7. "Swift's Onion and Potato Special."

8. "Swift's Special Bone Meal."

9. "Swift's Champion Wheat Grower."

10. "Swift's Champion Corn Grower."

11. "Swift's Phosphate and Potash."

12. "Swift's Pure Acid Phosphate."

13. "Swift's Vegetable Grower."

14. "Swift's Sugar Beet Grower."

15. "Swift's Special Phosphate and Potash."

TAYLOR PROVISION COMPANY, THE, Trenton. N. J.

1. "Special Potato."

2. "Corn and Truck."

3. "Ammoniated Dissolved Bone."

TEMPIN, J. M., Honeybrook, Pa.

1. "No. 3. Farmers' Complete Fertilizer."

2. "No. 4. Atlas Brand."

3. "No. 5. High Grade Acid Phosphate."

4. "No. 8. High Grade Potash Manure."

5. "No. 16. Cereal Fertilizer."

THOMAS, D. A., Hagerstown, Md.

1. "Thomas' Bone Mixture."

2. "Thomas' Mixture."

3. "Dissolved Bone Phosphate."

THOMAS, HAINES & CO., Malvern, Pa.

1. "New Century Crop Grower."
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THOMAS, JAMES, Williamsport, Pa.

1. "Thomas' High Grade Bone Super-Phosphate."

2. "Thomas' Klondyke Brand."

3. "Thomas' High Grade Potato and Tobacco Manure."

4. "Thomas' Special Compound for Wheat, Oats, Corn and Grass.
'

5. "Thomas' Standard Bone Phosphate."

6. "Thomas' Florida Bone Phosphate."

7. "Thomas' Dissolved Florida Bone and Potash Phosphate."

THOMAS, I. P., & SONS COMPANY, No. 2 S. Delaware Avenue, Philadelphia,

Pa.

1. "S. C. Phosphate."

2. "Farmers' Choice Bone Phosphate."

3. "Normal Bone Phosphate."

4. "Improved Super-Phosphate."

5. "Special Corn Fertilizer."

6. "Alkaline Bone."

7. "Special Alkaline Bone."

8. "Dissolved Phosphate."

9. "Tip Top Raw Bone Super-Phosphate."

10. "Pure Ground Animal Bone."

11. "Potato Fertilizer."

12. "Champion Bone Phosphate."

13. "Superior Super-Phosphate."

14. "Special Truckers' Fertilizer."

15. "Wheat, Corn Fertilizer."

TOMLINSON, WATSON, JR., Torresdale, Philadelphia, Pa.

1. "Tomlinson's Potato Fertilizer and Crop Feeder."

2. "Tomlinson's Ammoniated Potato Fertilizer."

3. "Tomlinson's All Crop Fertilizer."

4. "Tomlinson's Market Garden Guano."

5. "Tomlinson's Grain and Grass Fertilizer."

TRENTON BONE FERTILIZER CO., Trenton, N. J.

1. "Trenton Super-Phosphate."

2. "Trenton Corn Mixture."

3. "Trenton ?32.00 Potato Manure."

4. "Trenton Potato Manure."

5. "Trenton Excelsior."

6. "Trenton Corn and Truck Fertilizer."

7. "Pure Fine Ground Bone."

8. "Trenton XX Brand Fertilizer."

9. "Trenton Special Potato Manure."

TRINLEY, JACOB, Linfield, Pa.

1. "Pure Raw Bone Meal."

2. "Pure Raw Bone Super-Phosphate."

3. "Grain and Grass Grower."

4. "Ravere Bone Phosphate."

5. "Soluble Bone and Pota?h."
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TUSC.-\RORA FERTILIZER COMPANY, THE, Port Royal, Pa.

1. "Aramoniated Phosphate."

'I rST]i\, I. J., Phoenixville, Pa.

L "i'iokering Valley Special for Potatoes."

1. "Pickering Valley Special."

3. "Pickeriug Valley High Grade."

TYGERT, THE, J. E., COMPANY, No. 42 S. Delaware Avenue, Philadelphia, Pa,

1. "Bone Phosphate."

2. "Ground Bone."

3. "Soluble Bone and Potash."

4. "Potato Guano."

5. "Ammoniated Super-Phosphate."

6. "Popular Phosphate."

7. "Golden Harvest Phosphate."

8. "Acid Phosphate "

TYGERT, J. E., & SON, Philadelphia, Pa.

1. "Early Harvest Phosphate."

2. "Dissolved Bone Phosphate with Potash."

ULMER, JACOB, PACKING COMPANY, Pottsville, Pa.

1. "Ulmer's Blood, Meat and Bene Super-Phosphate."

UNIONTOWN FERTILIZER WORKS, Uniontown, Pa.

1. "Fell's Pure Ground Bone."

2. "Fell's Gold Premium Bone Phosphate."

3. "Fell's High Grade Acid Phosphate."

»VAHL, EMIL, MANi<"G. CO., Nos. 3970-3986 Pulaski Avenue (Nieetown), Phil

adelphia. Pa.

1. "Emil Wahl's Warranted Pure Philadelphia Button Bone Dust."

WALKER, STRATMAN & COMPANY, Herr's Island, Allegheny, Pa.

L "Four Fold."

2. "Grain King."

3. "Big Bonanza."

4. "Potato Special."

5. "Meat, Blood and Bone with Potash."

6. "Help Mate."

7. "Phosphoric Acid and Potash."

8. "Bone and Meat."

9. "Pure Raw Bone Meal."

10. "Acid Phosphate."

11. "Grain Manure."

12. "Potash and Bone Phosphate."

WALKER, J. C, & SON, Gap, Pa.

1. "Pride of Pequea."

2. "Pride of Pequea, High Grade.'
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WAI.T, F. K., & CO., Supplee P. O., Pa.

1. "Flesh and Bone Phosphate."

2. "Calcine Bone Phosphate."

3. "Sure Growlh Pho.=phate."

VVHANN, Y7. E., William Penn P. O., Pa.

1. "Special Potato and Truck Fertilizer."

2. "Raw Bone Super-Phosphate."

3. "Fish and Potash Fertilizer."

4. "Aramoniated Phosphate."

.5. "No. 2 Aniraoniated Phosphate."

6. "Special Ammoniated Phosphate."

7. "Soluble Bone and Potash."

8. "Available Ammoniated Phosphate."

9. "South Carolina Phosphate."

10. "Pure Ground Raw Bone."

11. "Sweet Potato and Celery Mixture."

12. "Pure Ground Bone."

WHANN, JOHN, & SON, No. 28 S. Delaware Avenue, Philadelphia, Pa.

1. "Our Brand Raw Bone Pho.sphate."

2. "A. A. Acid Phosphate."

3. "J. W. & S. Special Mixture."

4. "Wheat and Grass Mixture."

5. "Reliable Ammoniated Super-Phosphate."

6. "Whann's Soluble Bone and Potash."

WINDLE. DOAN & CO., Coatesville, Pa.

1. "Ground Bone."

2. "Cook's Bone Phosphate."

3. "Ammoniated Bone Phosphate."

4. "Potato Phosphate."

WOOLDRIDGE, THE R. A., COMPANY, No. 33 S. Gay street, Baltimore. Md.

1. "Florida Acid Phosphate."

2. "German Potash Mixture."

3. "Liberty Bell Potash Mixture."

4. "Champion Giant Phosphate."

5. "Chieftain Bone Stock Phosphate."

6. "Triumph Pure Bone Phosphate."

7. "Special Potato Fertilizer."

8. "Tuckahoe Bone Meal."

9. "Buffalo Bone Stock Phosphate."

10. "Pure Raw Bone."

11. "Sweepstakes, Sure Shot, Truck Phosphate."

YORK CHEMICAL WORKS, York, Pa.

1. "Plow Brand."

2. "Standard Potash."

3. "Prosperity."

4. "Harvest Queen."
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5. "New York."

6. "Half and Half."

7. "Red Cross."

8. "Black Cross."

9. "Wheat Special."

10. "Dissolved Phosphate."

11. "Dempwolf's Standard Fertilizer."

12. "Dempwolf's Corn and Oats Special."

13. "Special Tobacco."

14. "Potato and Truck Special."

15. "Pure Ground Bone."

16. "Dempwolf's Gem Fertilizer."

ZEIGLER, B. H., & CO., Stewartstown, Pa. .

1. "Bone Phosphate."

2. "Zeigler's Potato Phosphate."

3. "Zeigler's Mixture."

4. "Zeigler's Crop Grower."

ZOOK, HENRY S., Elverson, Pa.

1. "No. 5. Pride of Chester Corn, Oats and Wheat Fertilizer."

2. "No. 6. Pride of Chester Dissolved Animal Bone Phosphate."

3. "No. 7. Pride of Chester Dissolved Animal Bone Phosphate for General

Use."

4. "Zook's Clear Acid Phosphate."
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TABLE) NO. 1.

COMPOSITION OF FEEDING STUFFS.

Giving the Maximuui, Minimum and Average for Each Ingredient.

From Farm Bulletin No. 22 of the Department of Agriculture,

Washington, D. C.

The figures given do not represent the results of single analyses,

bat are the highest and lowest results which have been found in the

case of each ingredient. They are given to show the limits within

which each ingredient has been found to vary.

Composition of Feeding Stuffs.

a

3

3

GREEN FODDER.
Corn fodder:*

Flint varieties

—

Minimum
Maximum
Aveiage

Flint varieties cut after kernels had
glazed-
Minimum
Maximum
Average

Dent varieties-
Minimum
Maximum
Average,

Dent varieties cut after kernels had
glazed-
Minimum
Maximum
Average

Svi^eet varieties
Minimum
Maximum
Average,

Per et.
51.1
90. S

79.8

69.7
S3.

7

77.1

59.5
93.6
79.0

59.5
80.7
73.4

69.3
92.9

79.1

Per ct.

0.7
l.S
1.1

0.9
1.7
1.1

0.6
2.5
1.2

1.0
2.2
1.5

0.8
2.6
1.3

Per ct.
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Composition of Feeding Stuffs—Continued.
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Composition of Foediriy Stuffs—Conliniiod.
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Composition of Feeding Stuffs—Continued.
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Composition of Feeding Stuffs—Continued.
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Composition of Feeding Stuffs—Continued.
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(Composition of Feeding Stuffs—(.'oat in ned.
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Composition of Feeding Stuffs—Continued.
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Composition of Feeding Stuffs—Continued.

Off. Doc.
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Composition of Feeding Stiiffs—Continued.

969
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TABLE NO. II.

J'OUNDS OF TOTAI. J)IIY MATTEK, TOTAL ORGANIC MATTER
AND DICJESTIBLE INGREDIENTS (PROTEIN AND CARBO-
HYDRATES [INCLUDING ETHER ENTRACT MULTIPLIED
BY 2.25]) IN VARl^ING \\E1GHTS OF FODDERS AND
FEEDS, BEING ESSENTIALLY A CONV^ENIENCE TABLE.

Pounds of Fodder.
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TAliLE 11.—roUM)S OF TOTAL DKY MATTEK, TOTAL OR-
(lAXIC MATTER A XI) DIGESTIBLE IX(^REl)lEXTwS—Con-
'iniiod.

Pounds of Fodder.
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TABLE II.—rOUNDS OF TOTAL DRY MATTER, TOTAL OR-

GANIC MATTER AND DIGESTIBLE INGREDIENTS—Cou-
liuued.
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TABLE II.—POUNDS OF TOTAL DRY MATTER, TOTAL OR-
GANIC MATTER AND DIGESTIRLE INGREDIENTS—Con-
tinued.

Pounds of Fodder.

Milk.

Hays.

Hays.
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TAIJJ.K II.—roiADS OF
(jaxk; m.vttek and
linued.

TOTAL DliV MATTP:R. TOTAL OK
DIGESTIBLE I X( iKKl )IENTS—Cou-

Pounds of Fodder.



No. 6. DEPARTMEiMT OF AdiaCULTUKE. 975

TABLE IL—POUNDS OF TOTAL DKY MATTEK. TOTAL OR-
GANIC MATTER AND DIGESTIBLE INGREDIENTS—Con-
tinued.

Pounds of Fodder.
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TABLE II.—POUNDS OF TOTAL DRY MATTER, TOTAL OR-
GANIC MATTER AND DIGESTIBLE INGREDIENTS—Con-
tinued.

Pounds of Fodder.
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TABLE II.—rOUiSIjfe Ob lOTAL DRT MATTER, TOTAL Oli-

GANIC MATTER AND DIGESTIBLE INGREDIENTS—Con-
tinued.

Pounds of Foddar.
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T.ABLE II.—rOUNDS OF TOTAL DltY MATTER, TOTAL OK-
GAXIO MATTEK AND DiOESTlULE IXOKEDIENTS—Con-
t inued.

Pounds of Fodder.
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'J'AJJLE II.— P()UN!)S OF TOTAL DKY MATTER, TOTAL OK-
GANIC MATTER AND DIGESTIBLE INGREDIENTS—Con-
tinued.

Pound.? of Fodder.



9S0 ANNUAL, REPORT OF THE Off. Doc.

A\ERAGE co:\rposrnoN of feeding stuffs.

Taken from Bulletin No. 10, Prepared by Enos H. Hess, of the

State Experiment Station, State College, Pa.

The following table is taken from "Rational Slock Feeding," by

IT. P. Armsby, with a few additions from the New Jersey report

of 1894:

'The figures for the percentage composition are taken, in nearly

every case, from the compilations of analysis of American feeding

stuffs, prei)ared by I)rs. Jenkins and Winton, of the Connecticut

Station, for the Office of Experiment Stations of the United States

Department of Agriculture. The figures for the percentages of di-

gestible matter, contained in the last five columns of the table, have

been calculated from the average results of American digestion ex-

periments, as compiled by Director Jordan of the Maine Station for

the Office of Experiment Stations. In those cases in which no

American results were available, the average results of German di-

gestion experiments have been used, and in cases where no results

were available the digestibility has been estimated from that of

other feeding stuffs of similar composition and properties. These

latter cases are distinguished by being closed in parenthesis in the

table.

''Under percentages of digestible matter are given, first, the per-

centages of digestible protein, carbohydrates and fat; second, in the

column headed 'total,' the percentage of total digestible matter re-

duced to its 'starch equivalent.' A pound of fat has been shown to

be about two and one-fourth times as valuable as a pound of carbo-

hydrates for the production of heat or force in the body; conse-

quently the percentage of fat has been multiplied by two and one-

fourth and the percentages of carbohydrates and protein added to

give the figures under the heading 'total' in the next to the last

column of the tabic. By the nutritive ratio of a feeding stuff is

meant the ratio of digestible protein to other digestible matter, the;

latter having been reduced to its starch equivalent. Thus, the first

fi'eding stuff' given in the table contains 1.1 per cent, of digestible

protein and 12.3 per cent, of total digestible matter calculated to its

starch equivalent. Subtracting the 1.1 per cent, of protein, we have

left 11.2 per cenl. of other digestible matters, consequently, the

ratio of digeslible protein to other digestible matters is 1.1:11.2, or

1:10.2, as given in the last column of the table.
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Average Coniposiiion of Feeding Stuffs.

981
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Percentage Composition.
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.V\or ige ("omposition of Feeding Stults—Coutinued.

Hy-Proihut and
Wunte Material.

Apple puniace,
Brewer.s' gr.ains

—

dried
Brewers' grains

—

wet
Buckwheat mid-
dlings,

Cerealine food,* ...

Corn oil meal,
Corn cobs
Cotton seed hulls, .

Cotton seed meal...
Gluten meal,
Buffalo gluten
meal

Chicago gluten
meal,

Cream gluten meal,
Grano gluten feed,"
Germ meal,*
Linseed meal—new
process

Linseed meal^old
process,

Malt sprouts :

Dairy Products,
Buttermilk
Milk
Skim milk
Whey

3

15

3

3

3

18

4

35
32

1

1

3

1

14

21

4

24

303

Percentage Composition.
Per Cent, of Digestible !

Matter.
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HOW TO COMPUTE A RATION.

The method of computing' a ration is very simple if one I^nows

liow to do it, but ''know how" is often verj- ditticult to learn. It

will be explained in as simple terms as possible in order that all

who read carefully may learn how.

We will take a ration that contains 45 pounds ensilage, 5 pounds

clover hay and G pounds buckwheat middlings. By referring to the

table showing the composition of feeding stulTs, we find that these

three foods contain the following amounts of digestible matter:
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fourth feet from the groimd or two and one-fourth pounds one foot

from the ground. In order to have the protein, carbohydrates and
fat; if one pound of fat were burned iL would lift one pound two
and one-fourth feet, and add this product to the amount of carbohy-

drates and divide the sum obtained, by the protein. The quotient

will be the ratio. In the above ration there is .94 pound of fat.

This multiplied by 2^ equals 2.12 pounds; add to this amount the

11.05 pounds of carbohydrates and we have 13.17 pounds. Divide

this amount by 2.24 (the amount of protein), and we get a quotient

of 5.9, which equals the ratio of 1:5.9. That is to say, there is one

pound of protein or milk and muscle forming food to 5.9 pounds of

carbohydrates and fat or heat and fat forming foods.

AVERAGE PENNSYLVANIA PRICES FOR FEEDING STUFFS.

In a subjoined table is given as near as possible the average sell-

ing price of the different feeding stuffs for the past ten years. It

v.'as next to impossible to get figares for so long a time on some of

the feeds. In these cases the present prices were taken. The cost

of all the rations are based on the figures given in this table. In the

case of hay, corn stover and other products of the farm the prices

given are somewhat below the market price, and in the case of

tlic by-products that have to be bought, the prices are slightly

higlier than the market price. This was done in order to make al-

lowance for the expense of hauling to or from the farm:

60
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Barley meal
Jtrewers' grains (dry)
Buckwheat meal
Buckwheat middlings
Clovor hay
Cerealine lood
Corn-and-cob mual, .

Corn meal
Corn silage
Corn stover
I'otton seed meal, ...

Gluten meal
Gluten meal,
Gluten meal (Buffalo),
Gluten meal (Atlas),
Green rye
Hominy meal
Linseed meal, :..

Malt ."sprouts

Mangolds
Meadow hay,
Millet hay
Mixed hay,
Oat meal,
Oat straw,
Potatoes
Rutabagas
Skimmed milk
Timothy hay,
Wheat bran
Wheat chaff
Wheat middlings, ...

Wheat shorts
Wheat straw,

Price per Ton.

$20 00
14 00
20 00
18 00
y 00

12 00
15 00
19 00
2 00
5 00

26 OO
IS 00
18 00
IS 00
IS 00
2 00

14 00
26 00
22 00
2 00

11 00

8 00
10 00
22 00
5 00
5 00

3 00
3 60

11 00

18 00
5 00

19 00
19 00

5 00

Price per Lb.

1.0
0.7
1.0
.9

0.45
.6

9 75
0.95
.1

0.25
1.3
.9

0.90
.9

.9

.1

.7

1.3
1.1
.1

0.55
.4

.5

1.1
0.25
0.25
0.15
0.18
0.55
.9

0.25
0.95
0.95
0.25

FEEDING STANDARDS.

From Biillelin No. 22, Depavtment of Agriculture, Washington,

D. C.

Attempts have been made to ascertain tlie food requirements of

various kinds of farm animals under dilf(>rent conditions. Large

numbers of feedings experiments have been made under varying

conditions with this end in view. From the results, feeding stand-

ards have been worked out which show the amounts of digestible

protein, fat, and carbohydrates supposed to be best adapted to differ-

ent animals when kept for different purposes. The feeding stand-

ards of Wolff, a German, have been most Avidely used. They are as

follows:
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Wolff's Feeding Sraiidnrds.

A.—Per Day and Per 1,000 Pounds Live Weight.

987
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Digestible Food Materials.
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FERTILIZING CONSTITUENTS OF AMERICAN FEEDING
STUFFS AND MANURIAL V.VLUE PER TON.

Taken from Bulletin No. IG, Prepared by Euos H. Hess, of the State

Experiment Station, Pennsylvania.

In commercial fertilizers there are only three ingredients which
a;- e assumed to have any practical value, namely: Nitrogen, phos-

phoric acid and potash. The foods used in feeding dairy cattle con-

tain more or less of these three ingredients, and, therefore, have a
fertilizing value equal to the amount of nitrogen, phosphoric acid

and potash they contain. The nitrogen is valued at twelve cents

per pound, the phosphoric acid at four cents and potash at five cents

per pound. No allowance is made for the value of the humus,
which has some value, but as to how much it has, will have to be
left to the judgment of the reader, for as yet it has not been scien-

tifically determined.

Pounds in
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Fertilizing Coiistitncnts of American Feeding Stuffs and Manurial

Value Per Ton—Continued.

Pounds In
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The abo\o labh' shows a \< r\ wide r<iii.u<' in <hr tCrl ili/iiit; value

of the dirt'ei'ent dairy foods and inoduets. The hij^hest value [n^v

Ion is |l!J.."57 for cottonseed meal and the lowest is 30 cents for

butter. The importance of the fertilizing \alue of foods is, tliere-

fore, clearly seen and must be carefully studied, if the niaxinuini re-

sults are to be obtained.
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FlI'TY DAIRY RULES.

From the Kepoi-f of (lie- Jiiiiran of Animal Industry of the UniteOl

8i,->tes in 189S.

The Owner and His ll('l})ers.

L. Read current dtiii-y literature and keep posted on new ideas.

2. Observfe and enforce the utmost cleanliness about the cattle,

tlu'ir attendants, the stable, the dairy, and all utensils.

o. A person suffering from any disease, or who lias been exposed
to a contagious disease, must remain away from the cows and the

milk.

The Stable.

4. Keep dairy cattle in a room or building by themselves. It is

pieferable to have no cellar below and no storage loft above.

5. Stables should be well ventilated, lighted and drained; should

have tight floors and walls and be plainly constructed.

G. ISTevcr use musty or dirty litter.

7. Allow no str(»ngly smelling material in the stable for any
length of time. Store the manure under cover outside the cow
stable and remove it to a distance as often as practicable.

8. Whitewash the stable once or twice a year. Use land plaster

in tlie manure gutters daily.

9. Use no dry, dusty feed just previous to milking; if fodder is

dusty, spriidile it before it is fed.

10. Clean and thoroughly air (he stable before milking. In hot
v/eather sprinkle the floor.

11. Keep the stable and dairy room in good condition, and then
insist that the dairy, factory, or place where the milk goes be kept
ei]ually well.

The Cows.

12. Have the herd examined at least twice a year by a skilled

veterinarian.

13. Prom]jtly remove from the herd any animal suspected of being

ij! b;id h.ealth and reject her milk. Never add an animal to the herd

until certain it is free from disease, especially tuberculosis.

14. Do not move cows faster than a comfortable walk while on

the way to place of milking or feeding.

15. Xever allow the cows to be excited bv hard driving, abuse.
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loud talkijig or uniiect^ssary disturbance; do not expose them to Gold

or storm.

16. Do not change the feed suddenly.

17. Feed liberally, and use only fresh, palatable feed stuffs; in

no case should decomposed or moldy material be used.

18. Provide water in abundance, easy of access, and always pure;

fresh, but not too cold.

11). Salt should always be accessible.

20. Do not allow any strong-flavored food, like garlic, cabbage,

and turnips, to be eaten, except immediately after milking.

21. Clean the entire body of the cow daily. If hair in the region

of the udder is not easily kept clean it should be clipped'.

22. Do not use the milk within twenty days before calving nor

within three to five days afterwards.

Milking.

23. The milker should be clean in all respects; he should not use

tobacco; he should wash and dry his hands just before milking.

24. The milker should wear a clean outer garment; used only

v> hen milking, and kept in a clean place at other times.

25. Brush the udder and surrounding parts just before milking,

and wipe them with a clean, damp cloth or sponge.

26. Milk quietly, quickly, cleanly and thoroughly. Cows do not

like unnecessary noise or delay. Commence milking at exactly the

same hour every morning and evening, and milk the cows in the

s.nne order.

27. Throw away (but not on the floor, better in the gutter) the

fiisi: few streams from each teat; this milk is very watery and of

little value, but it may injure the rest.

28. If in any milking a part of the milk is bloody or stringy or

unnatural in appearance, the whole mess should be rejected.

29. Milk with dry hands; never allow the hands to come in con-

tact with the milk.

30. Do not allow dogs, cats or loafers to be around at milking

(ime.

31. If any accident occurs by which a pail full or partly full of

milk becomes dirty, do not try to remedy this by straining, but re-

jrct all this milk and rinse the pail.

32. Weigh and record the milk given by each cow, and take a

sample morning and night, at least once a week, for testing by the

fat test.

Care of Milk.

83. Remove the milk of every cow at once from the stable to a

clean, dry room, where the air is pure and sweet. Do not allow cans

to remain in stables while they are being filled.
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34. Strain the milk through a metal gauze and a Hannel cloth or

ia \ei' of cotton as yoon as it is drawn.

35. Aerate and cool the milk as soon as strained. If an apparatus

for airing and cooling at the same time is not at hand, the milk

should be aired hrst. This must be done in pure air, and it should

then be cooled to 45 degrees if the milk is for shipment, or to 60

dejirees if for home use or delivery to a factory.

3G. Never close a can containing warm miik which has not been

aerated.

'67. If cover is left oif can, a piece of cloth or mosquito netting

should be used to keep out insects.

38. If milk is stored, it should be held in tanks of fresh, cold

water (renewed daily), in a clean, dry clad room. Unless it is de-

sired to remove cream, it should be stirred with a tin stirrer often

enough to prevent forming a thick cream lajer.

39 Keep the night milk under shelter so rain can not get into

the cans. In warm w^eather hold in a tank of fresh cold water.

4v.'. Never mix fresh warm miik with that which has been cooled.

41. Do not allow milk to freeze.

12. Under no circumstances should anything be added to milk

to prevent its souring. Cleanliness and cold are the only preventa-

tives needed.

43. All milk should be in good condition when delivered. This

may make it necessary to deliver twice a day during the hottest

weather.

44. When cans are hauled far thev should be full, and carried in a

S])ring wagon.

45. In hot weather cover the cans, when moved in a wagon, with

a clean, wet blanket or canvas.

The Utensils.

46. Milk utensils for farm use should be made of metal and have

all joints smoothly soldered. Never allow them to become rusty or

TO'iigh inside.

47. Do not haul waste products back to the farm in the same cans

used for delivering milk. When this is unavoidable, insist that the

skim milk or whey tank be kept clean.

48. Cans used for the return of skim milk or whey should be

emptied and cleaned as soon as they arrive at the farm.

49. Clean all dairy utensils by first thoroughly rinsing them in

warm water; then clean inside and out with a brush and hot water

in which a cleaning material is dissolved ; then rinse and, lastly, ster-

ilize by boiling water or steam. Use pure water only.

50. After cleaning, keep utensils inverted, in pure air and sun,

if jjossible, until wanted for use.

63—6—1902
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PEIUOJ) OF GESTATION l>i DOMESTIC ANIMALS.

FKO.M ANIMAL INIJUSTKY, (Skaw.)

The average duration, approximately, of the period of gestation

in domestic qnadnipeds ma}' be given as follows:

The ass, 3G5 days. The sow, 113 days.

The mare, 330 days. The dog, 63 days.

The eow, 282 days. The cat, 50 days.

The sheep, 149 days. The rabbit, 30 days.

The goat, 149 days. The gninea-pig, 21 days.

The average duration, approximately, of the period in hatching

the eggs of the various domestic breeds of fowls may be set down
as follows:

The goose, 30 days. The guinea-hen 2G days.

The turkey, 29 days. Tlie hen. 21 days.

The duck, 29 days. The pigeon, 18 days.

The pea-hen, 2S days.

The extremes in the duration of the period of gestation in the

mare, the cow, the ewe and the sow may be set down as follows:

The mare, 295 davs to 370 davs.

Tlie cow, 265 days to 300 days.

The ewe, 145 days to 154 days.

The sow, 110 days to 118 days.

Tlie extremes in the duration of th(> period of incubation in the

various classes of domestic fowls named below may be given as

follows:

The goose, 27 days to 33 days.

The turkey, 26 days to 30 days.

The duck 26 days to 32 days.

The pea-hen, 28 days to 30 days.

The guinea-hen 25 days to 26 days.

The pigeon 16 days to 20 days.
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THE FUNCTIONS AND USES OF FOODS.*

BY C. v. LANGWOKTHY, PH. D.. O./icc of ExptiiiiifiU SlaUons.

Circular Xo. 46, United Slates J)epai'tinent of Agriculture.

Ordinar-y food materials, sueli as meat, fish, eggs, potatoes, wheat,

etc., consist of

—

Refuse.—As the bones of meat and fish, shells of shellfish, skins

of potatoes, bran of wheat, etc.

Edible I'ortion.— As the flesh of meat and fish, the white and joWi

of eggs, wheat flour, etc. The edible portion consists of water and

nutritive ingredients, or nutrients. The- nutritive ingredients are

protein, fats, carbohydrates and mineral matters.

The water, refuse and salt of salted meat and fish are called non-

nuti-ients. In comparing the values of dill'erent food materials for

nourishment they are left out of account.

Use of Nutrients.

Food is used in the body to build and repair tissue and to furnish

energy. The manner in whicli the valuable constituents are utilized

ill the body may be expressed in tabular form as follows:

Protein Forms tISFuc (muscles, tendon,
AVhite (albumen) of eggs, curd and pro!.ably fat),

(casein) of milk, lean meat,
gluten of wheat, etc.

Fats Form fatty tissue.
Fat of meat, butter, olive oil,
oils of corn and wheat, etc.

Carbohydrates Transformed into fat.
Sugar, starch, etc.

Mineral matters (ash) .Aid in forming bone, assist in
Phosphates of lime, potash, digestion, etc.
soda, etc.

All serve as fuel and
-yield energy in form of heat
and muscular strength.

*This article, which was originally published under the title "Foods for Man," in the U. S.

Bept. Agr. Yearbook, 1897, pp. 676-6S2, has been revised and contains some additional matter.

The Fuel Value of Food.—Heat and muscular power are forms of

force or energy. The energy is developed as the food is consumed
in the body. The unit commonly used in this measurement is the

calorie, the amount of heat which would raise the teinjterature of

a pound of wat(n- 4 degrees F.

Instead of this unit, some unit of mecdianical energy might be

used— for instan<-e, the foot -Ion, whi(di represents ihf force re-
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quired to raise one ton one foot. One calorie is equal very nearly

to 1.53 foot-tons.

The following general estimate has been made for the average

amount of potential energy in one pound of each of the classes of

nutrients

:

Calories.

In one pound of protein, 1,8G0

In one pound of fats, 4,220

In one pounds of carbohydrates, 1,860

In other words, when we compare the nutrients in respect to their

fuel values, their capacities for yielding heat and mechanical power,

a pound of protein of lean meat or albumen of egg is just about

equivalent to a pound of sugar or starch, and a little over two
pounds of either would be required to equal a pound of the fat of

meat or butter or the body fat.

Within recent years analyses of a large number of samples of

foods have been made in this country. In the table below the av-

erage results of a number of these analyses are given:
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Average Composition of American Food Products. (*)

Food Materials (as purchased).
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A vci-aur (N)iiipositi*ni of American Food Pioducls -(\niliuued.
*''—-"- •" -- .^rf_~.

Food Material? (as purchased).
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Average Composition of American Food Products—Continued

999

Food Materials (as purchased).
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Dietary Standards.

Dietary studies have becu made in considerable numbers in dif-

ferent countries. The rc^sults of such studies and experiments to

determine tlie amount of food required by men engaged in different

occupations have resulted in the adoption of dietary standards.

Some of these follow:

Standards for Daily Dietaries.

Chara«ter of Work to bt Performed.

European

:

Man at moderate work
Man at hard work

American:
Man without muscular work
Man with light muscular work
Man with moderate muscular work,
Man with hard muscular work
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One meal of child 6 to 9 years of age, iuclusive, equivalent to 0.5

meal of man.

One meal of child 2 to 5 years of age, inclusive, equivalent to 0.4

intal of man.

One meal of cliild under 2 years of age equivalent to 0.3 meal of

man.

These factors are based in part upon experimental data and in

part upon arbitrary assumptions. They are subject to revision

•v.Jien experimental evidence shall warrant more definite conclu-

sions.

The plan followed in making dietary studies is, briefly, as follows:

Exact account is taken of all the food materials (1) at the beginning

of the study, (2) purchased during the study, and (3) remaining at

the end. The difference between the third and the sum of the first

and second is taken as representing the amount used. From the

figures thus obtained the amount of the different food materials and

the amount of the different nutrients furnished by them is calcu-

jjvted. Deducting from this the weights of the nutrients found in

the kitchen and table refuse, the amounts actually consumed are

obtained. Account is also taken of the meals eaten by different

members of the family or groups studied and by visitors, if there

ore any. From the total food eaten by all the persons during the

entire period the amount eaten per man per day may be calculated.

In making these calculations due account is taken of the fact that,

as stated above, women and children eat less than men performing

the same amount of work.

Method of Calculating Dietaries.

The following may be taken as an illustration of the way in which

the table of composition of food products and the dietary standards

may be practically applied. Sui)pose the family consists of four

adults, and that there are on hand, or may be readily purchased, the

following food materials: Oatmeal, milk, sugar, eggs, lamb chops,

roast beef, potatoes, sweet potatoes, rice, bread, cake, bananas, tea,

and coffee. From these materials menus for three meals might be

arranged as follows:

Breakfast.—Oatmeal, milk, sugar, lamb chops, bread, butter and
coffee.

Dinner.—Roast beef, potatoes (Irish), sweet potatoes, rice pud-

ding, and tea.

Supper.—Bread, butter, cake, and bananas.

The amounts required of the several articles of food may be

readily approximated by any person experienced in marketing or

preparing food for a family. Thus, it may be assumed that four

adults would consume for breakfast 1^ pounds lamb chops, one-half

pound oatmeal, one-half pound bread, G ounces milk, 2 ounces sugar,

61
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aud 2 ounces butter. Fi-oni the table of composition of food ma-
terials the nutritive iniii-edicnts whicli these foods furnish may be

easily calculated. Thus, if oatmeal contains 10.1 per cent, of pro-

tein and furnishes 1,8()() calories per pound, one-half pound would
contain 0.081 pound protein (0.5 x 0.161 = 0.081 pound) aud yield 930

calories (0.5 x 1.8G0 = 930), and if lamb chops contain 16 per cent,

protein and furnish 1,130 calories par pound, 1^ pounds of lamb
chops would furnish 0.24 pounds protein (1.5 pounds x 0.16 = 0.24

pound) and 1,095 calories (1.5 pounds x 1,130 = 1,095) calories. The
others may be calculated in the same way.

The assumed quantities of food materials which the four persons

would consume in a day, and the calculated protein content and
fuel >'alue, would be as follows:

Menu for Family of Four Adults for One Day.
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The American dietary standard for a man at moderate muscular

work calls for 0.28 pound protein and 3,500 (talories. It will be

seen that the menu suggested above is insufficient; that is, more

food must be supplied. ¥ov instance, cheese might be added for

dinner, and pork and beans and milk for supper. The amounts of

])rotein and energy which a sufficient quantity of these articles for

four i^ersons would supply are shown in the following table:

Food Added to Bring the Day's Menu up to the Dietary Standard.
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it convt'js tile idcji that a pai-ticular food "agrees'' wilh the user,

i. e., that it does not cause distress when eaten. The term is also

\(n-j commonl}- understood to mean Ihe ease or rapidity of dij^es-

tion, and one food is often said to be more digestible than another

because it is digested in less time. However, the term digestibility

is most commonly understood in scientific treatises on the subject

to mean thoroughness of digestion. The digestibility of any food

may be learned most satisfactorily by oxperiinents with man, al-

though experiments are also made by methods of artificial diges-

tion. In the experiments with man both food and feces are an-

alyzed. Deducting the amounts of the several nutrients in the feces

from the total amounts of each nutrient consumed shows how
much of each was digested. The results are usually expressed

in percentages and spoken of coefficients of digestibility. From a

large number of experiments with man it has been calculated that

on an average the different groups into which foods may for con-

venience be divided have the following coefficients of digestibility:

Coefficients of Digestibility of Different Grou])s of Foods.
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TABLE OF WEIGHTS AND MEASURES IN PENNSYLVANIA.

Wheat, per bushel, 60 Ihs. Act March 10, 1818.

Barley, per bushel, 47 lbs. Act March 10, 1818.

Buckwheat, per bushel, 48 lbs. Act March 10, 1818.

Corn, per bushel, 56 lbs. Act April 16, 1845.

Eye, per bushel, 56 lt)s. Act April 16, 1845.

Oats, per bushel, 32 lbs. Act March 30, 1897.

Potatoes, per bushel, 56 Rjs. Act March 30, 1897.

Clover seed, per bushel, 00 lbs. Act June 26, 1895.

Onions, per bushel, 50 Ihs. Act May 8, 1895.

Salt, coarse, per bushel, 85 tbs. Act March 10, 1818.

Salt, ground, per bushel, 70 lbs. Act March 10, 1818.

Salt, fine, per bushel, 62 lbs. Act March 10, 1818.

Salt, per barrel, evaporated, 280 lbs. Act March 24, 1877.

Bark, per cord, 2,000 lbs.

Bark, per ton, 2,000 1T)S.
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SrKAYIXG CALENDAR.

A Brief Outline of the Best IVletliods for the Protection of Crops

From Insects and Fungi.

The utility of some condensed outline showing how and when to

ppray or otherwise treat fruit trees, shade trees, garden and lield

crops, and flowers, to prevent or check injuries by insects and
plant diseases, is demonstrated by the number of such publications

iri other [States. It is practically impossible, however, to include

in such a i)aper, all of the foes of the agriculturist, and accordingly,

only such are considered as have been found to be most likely to be

present in Pennsyhania. At the same time, treatment for the in-

juries touched on here, will, in nearly every case, also control those

not treated of, and, accordingly, in this way the ground will be

nearly as well covered as though all such foes were considered in

detail. .; .^
In all cases, treatment according to the directions here given

must be applied with judgment, as no tixed rules can be given which

v ill hold for every case, and an ignorant adherence to the direc-

tions without a knowledge of the particular conditions of the case,

Uiay fail to give the desired results. To obtain success in the con-

trol of insect and fungous foes, a knowledge of what the foe is, the

best way to attack it, and when this attack is most effective, are

necessary.

Any information desired on these subjects may be obtained by

writing to the Division of Zoology, Department of Agriculture,

liarrisburg, Pa., and the sending of samples of injury done, or of

the insects or other foes causing the trouble will greatly aid in

giving satisfactory answers.

Apple.
CODLING MOTH:

1. Paris green or Arsenate of Lead as soon as blossoms have

fallen. 2. Repeat about ten days later. 3. Repeat in severe

cases two weeks later. 4. Repeat about August 1 for second

brood. See Report of Department for 1898.

BUD-MOTH:

I. Paris green or Arsenate of Lead as soon as leaf buds become

green. 2. Repeat 1 just before blossoms open. 3. Repeat 2

after blossoms fall.
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CANKER-WORM:

1. Paris green or Arsenate of Lead when caterpillars appear. 2.

Same ten davs later, o. Repeat every ten davs if needed.

TENT CATERPILLAR:

1. Destroy tents at night by torch. 2. If any escape, treatment

for Codling moth will destroy them. See Report of Depart-

ment for 1898.

PLUM CURCULIO:

1. Treatments 1 and 2 as for Bud Moth. See also under ''Plum."

BORERS:

1. Cut out those already in the tree, in May. 2. Wrap several

thicknesses of paper around the trunk and fasten, about the

first of June, and leave till September; cover upper part of

trunk and larger limbs with whitewash and a little Paris

green, at the same time. See Report of Department for 1898.

OTSTER-SHELL SCALE AND SCURFY SCALE:

1. If severe, scrape the parts aifected or spray with Whale Oil

Soap before buds swell in spring. 2. Spray about the 5th of

June, w4th Kerosene Emulsion. 3. Repeat 2 about June 2oth.

See Bulletin 43 of Department.

SAN JOSE SCALE:

See under "Peach."

SCAB:

1. Spray with Bordeaux mixture and Paris green just before the

blossoms open. 2. Repeat 1 as soon as blossoms have fallen.

3. Repeat 1 about ten days later, and 4, if necessary two weeks

later.

BITTER-ROT:

Same treatment as for Scab.

APPLE LEAF RUST:

1. Destroy all Red Cedar trees in the neighborhood of the orchard

as this fungus passes a part of its life on the Cedars, causing

the "Cedar Apples."

Apricot.

See Peach.

Asparagus.
ASPARAGUS BEETLES: y

1. Desti'oy all volunteer asparagus, leaving only the shoots de-

signed for market. 2. Let fowls run among the plants. 3. If

serious, dust with fresh dry-slacked lime while dew is on. 4.

Repeat 3 every day of ten days.
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Bean.

ANTHRACNOSE OR POD SPOT:

1. Spray with Boi'deaux mixture when first true leave has formed.

2. Repeat 1 oflen enough to keep leaves covered by the mixture

till a week before eatiug pods. 3. Soakin<^ the seed before

planting, in ammoniated copper carbonate for an hour is a very

effectual treatment.

LIMA BEAN MILDEW:

1. Burn all parts of the plant at once after harvesting the crop.

Beet.
RUST:

1. Spray with Bordeaux mixture as soon as it appears. 2. Re-
move and burn all affected leaves.

LEAP SPOT:

1. Use Bordeaux mixture when four leaves have appeared. 2.

Repeat at intervals to keep the mixture on the leaves. 3.

Burn the leaves as soon as the crop has been gathered.

Cabbage and Cauliflower.

APHIS:

1. Use Kerosene Emulsion when they appear. 2. Repeat when
needed till plants begin to head. 3. After heading begins use

hot water or tobacco water.

CABBAGE WORM:

1. Paris green or Arsenate of Lead when the caterpillars first

appear. 2. Repeat about every ten days till heading begins.

3. After heading begins, use Kerosene Emulsion or hot water

as often as may be needed. 4. Fresh lime applied while dew
is still on is also a good method.

ZEBRA CATERPILLAR:

1. Destroy the caterpillars as soon as they appear, while they are

yet in company. 2. Use Paris green when needed, till the head

begins to form, or the "flower'' appears in the case of cauli-

flower. 3. Hand picking or hot water when poisons cannot

be safely used. See Report of the Department for 1898.

ROOT MAGGOT:

1. When the maggots are first noticed, make a small hole near

the main root of the plant, pour in half a teaspoonful of Car-

bon Disulphide, and close up the hole. 2. Tarred paper cut

to let the plant grow up through the centre but fitting closely

to the stem and onto the ground is a good preventive method.

See Report of Department for 1898.
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HARLEQUIN CABBAGE BUG:

A recent addition to cabbage foes in Pennsylvania. A hard black

bng with red or orange markings, nearly half an inch long when
full grown. 1. Plant a trap crop of mustard early for the

bugs to collect on and gather them from this or spray it with

pure kerosene. 2. Gather the bugs and egg masses by hand.

See Report of Department for 1898.

CLUB-ROOT:

1. Burn affected plants. 2. Strict rotation of crops. 3. Lime,

75 bushels to the acre, has been highly recommended as a pre-

ventive.

Carnation.

ANTHRACNOSE AND RUST:

1. Bordeaux mixture on first appearance. 2. Repeat, every two
weeks till flowers appear. 3. After flowers appear, use ammo-
uiacal copper carbonate every two weeks.

Celery.

CELERY CATERPILLAR:

1. Paris green while plants are small. 2. Later, hand picking,

if necessary.

BLIGHT OR RUST:

1. Ammoniacal copper carbonate. 2. Repeat once a week. 3.

Artificial shade is advantageous.

LEAF-BLIGHT:

Same as for Rust.

SOFT-ROT:

Chiefly in plants stored or banked in wet places. 1. Keep dry.

Or 2. Place under pure water.

Cherry.
APHIS:

1. Kerosene Emulsion when they first appear. 2. Repeat every

three or four days, if necessary.

SLUG:

1. Paris green or Arsenate of Lead. 2. Repeat if needed every

ten or twelve days.

CURCULIO:

Pee under ''Plum."

64—6—1902
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BLACK KNOT:

1. Cut off the braDches six inches or more below the injured place

and burn them, 2. Get your neighbors to do the same to their

trees. United action is necessary if the disease is to be stamp-

ed out.

ROT:

1. Bordeaux mixture before blossoms open. The addition of

Paris green at this time is a good plan. 2. Kepeat, without

Paris green, when the fruit has set. 3. Repeat 2 twice at in-

tervals of one to two weeks.

LEAF BLIGHT:

Barae as for Rot.

Chrysanthemum.
LEAF-SPOT:

1. Bordeaux mixture on first appearance. 2. Repeat every two
weeks if needed.

Corn.
WIRE-WORMS:

1. Rotation of crops. 2. Late fall plowing, repeated for several

years. 3. Kainit, 1,000 pounds i)er acre has been highly recom-

mended. See Report of Department for 1898.

CUT-WORMS:

I. Traj) by scattering bunches of fresh clover, dipi)ed in Paris

green over the field before planting. 2. Place such bunches

along the rows, later. Caution: Keep fowls and stock away.

CORN WORM OR BOLL WORM:

1. Hand picking. 2. Late fall plowing. See Report of Depart-

ment for 1898.

SMUT:

1. Cut out and burn all portions affected, as soon as discovered.

Cucumber and Squash.

STRIPED CUCUMBER BEETLE:

1. Netting till plants are well established or, 2. Powdered refuse

tobacco around the stems, occasionally renewed. See Report

of Department for 1898.

SQUASH BUG:

1. Burns vines immediately after gathering the crop. 2. Hand
picking.
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MILDEW:

1. Bordeaux mixture on first appearance. 2. Burn vines after

gathering the crop.

Currant and Gooseberry.

CURRANT WORM:
1. Paris green or Hellebore when tlie worms first appear. 2. Re

peat, using Hellebore every ten days or two weeks if needed.

STEM GIRDLER:

1. Cut off stem three inches below the girdled place and burn.

GOOSEBERRY FRUIT WORM:

1. Let fowls run among the plants. 2. Pick off and destroy in-

jured fruit. 3. Kake up and burn the fallen leaves and rubbish

near by, in the fall.

FOUR-LINED LEAF BUG:

1. Spray, in May, with Kerosene Emulsion, one part; water five

parts.

LEAF-SPOT:

1. Spray v.ith ammoniacal copper carbonate soon after leaves

open, 2. Repeat with Bordeaux mixture every two weeks as

long as needed. 3. Gather and burn fallen leaves in the fall.

MILDEW:

1. Spray with Potassium Sulphide solution (liver of sulphur) as

the leaves begin to open. 2. Repeat every two or three weeks
if needed.

Egg Plant.
LEAF-SPOT:

1. Bordeaux mixture as soon as plants are established in the field

2. Retteat everv two or three weeks
M. «.

3. Then use ammoniated carbonate.

2. Repeat every two or three weeks till fruit is half grown.

Elm.
ELM LEAF BEETLE:

1. Spray with Paris green or Arsenate of Lead when leaves first

open. 2. Repeat two weeks later. 3. Repeat if necessary.

TUSSOCK MOTH:

1. Gather and destroy the whitish egg masses in winter. 2. Re-

peat in July or August, before the eggs hatch and the caterpil-

lars scatter. 3. If the caterpillars are feeding, spray with

Paris green or Arsenate of Lead as often as needed.
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Grape.
ROSE BUG:

1. Collect the insects by hand. 2. Bag the forming bunches of

grapes. See Keport of Department for 1898.

GRAPE VINE FLEE BEETLE t

I. Spray with Paris green or Arsenate of Lead as soon as seen.

2. Repeat every week if necessary.

GRAPE VINE LEAF HOPPER:

1. Dust the vines with insect powder or tobacco dust about the

first of July. 2. Repeat one week later if necessary.

ANTHRACNOSE:

1. Brush the vines over with Sulphate of Iron and Sulphuric Acid

solution before the buds open. 2. Repeat three or four days

later. Do not use after the vines start growing.

DOWNY MILDEW, POWDERLY MILDEW:

1. Bordeaux mixture when leaves are fully opened. 2. Repeat

about ten daj'S before the lowers open. 3. Spray with jjotas-

slum sulphide solution three weeks later if necessarj-.

BLACK ROT:

1. Bordeaux mixture as the buds open. 2. Repeat every two
weeks if needed, till fruit is half grown; then use ammoniacal
copper carbonate, repeating every week or two if necessary.

RIPE ROT:

1. vSarae treatment as 2 under black rot.

Hollyhock.
RUST:

1. Borden ux mixture as leaves open. Repeat at intervals of

ten davs if needed.

Maples.
TUSSOCK MOTH:

See under ''Elm."

COTTONY MAPLE SCALE:

1. Spray with Kerosene Emulsion early in June. 2. Repeat in

two weeks if necessary.

Nursery Stock,
SUCKING INSECTS:

1. Kerosene Emulsion as soon as discovered. 2. Repeat in two
weeks if necessary.
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CHEWING INSECTS:

L Paris green or Arsenate of Lead when discovered. 2. Repeat

as ina}' be needed.

FUNGOUS DISEASES:

1. Bordeaux mixture wlien leaves open. 2. Repeat every two

weeks if needed.

Oats.

LOOSE SMUT:

Soak the seed five to ten minutes in hot water at 133 degrees F.

This may be done some time before planting, if desired, and

hasten sprouting besides destroying the Smut.

RUST:

No good treatment known.

Onion.

MAGGOT:

1. Put the onion bed some distance from the one of the preceding

year. 2. Same treatment as for the cabbage root maggot.

MILDEW:

1. Burn all the tops in the fall. 2. Rotation of crops.

SMUT:

1. Burn all refuse in the fall. 2. Start the onions on land not

used for onions the preceding year and transplant—a process

which pays for other reasons also.

Peach, Apricot, Nectarine.

PEACH BORER:

1. Wrapping trunk as described for Apple Tree Borer. 2. Mound-

ing up earth a foot or more about June 1st, and removing about

September 1st. 3. Wash trunk and lower parts of limbs with

whitewash and a little glue, with a tablespoonful of Paris

green to each bucketful. One, 2 and 3 are alternate methods

treatment. See Report of Department for 1898.

BLACK PEACH APHIS:

1. Dig refuse tobacco powder or stems, or Kainit into the ground

about the roots. 2. Spray with Kerosene Emulsion when the

Aphis appears above the ground.

CURCULIO: ^

See under "Plum."
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SAN JOSE SCALE:

1. Keep trunk and limbs covered with wliitewasli from June 1st,

till frost appears. 2. Spray with Whale Oil Soap, 1 lb. to 1

gallon of water, after the leaves are off in the fall. 3. Spray
with \\ hale Oil Coap. 2 lbs. to 1 gallon of water, before the

buds start in the spring-. 4. Cut back and thoroughly prune

infected trees after spraying and burn the pruuings. 5. De-

stroy badly infested plants. See Bulletin No. 43 of Depart-

ment.

PEACH LEAF CURL:

1. Spray with Copper Sulphate before buds open in spring. 2,

Spray with Bordeaux mixture when leaves are half grown.

PEACH ROSETTE:

Js'o good remedy.

BROWN ROT:

1. Spray with Copper Sulphate before buds open. 2. Bordeaux
mixture before tlowers oj)en. 3. Repeat 2 every ten to four-

teen days after fruit has set, until the fruit is half grown. 4.

Repeat every five to seven days, using amnioniacal copper car-

bonate instead of Bordeaux mixture.

YELLOWS:

1. Destroy all ntfected trees by fire. 2. Dig out and burn roots

also.

Pear.
BORERS:

See under Apple.

CODLING MOTH:

See under Apple.

PEAR MIDGE:

1. Apply 1,000 Itjs. of Kainit per acre, to the ground beneath the

trees about the middle of June.

PEAR LEAF MITE:

1. Spray in winter with Kerosene Emulsion, 1 part; water G parts.

PEAR PSYLLA:

1. Spray with Whale Oil Soap, 1 lb. to 1 gallon of water, in April,

spraying only the trunk and larger branches.

SLUG:

See under Cherry.
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SAN JOSE SCALE:

^ee under reach.

LEAF BLIGHT OR FRUIT-SPOT:

1. Spray witii amniouiaeai copper carbonate as the leaves open.

2. Bordeaux mixture just bi'fore the blossoms open. 3. llepeat 2

aftei' fruit has set, at intervals of two weeks as needed.

FIRE BLIGHT:

Cut oil' and burn affected parts, cutting at least a foot below

where the disease shows.

SCAB:

See under Apple.

Plum.
CURCULIO:

1. Spray v/ith Taris green or Arsenate of Lead before the flower

buds open. 2. Kepeat 1 soon after the blossoms have fallen.

3. Gather the insects by jarring onto cloths beneath the tree,

at night and in the morning. 4. Gather and destroy fallen

plums every day. 5. Let fowls run under the trees.

PLUM LECANIUM:

1. Kerosene emusion one part, vrater four parts, after leaves

have fallen in the fall. 2. liepeat 1 in spring before the buds

open.

SLUG:

See under Cherry.

BORERS:

See under Ap|)le.

SAN JOSE SCALE:

See under i'.'acii.

LEAF BLIGHT:

1. Bordeaux mixture w^hen the leaves first appear. 2. Repeat 1

after the fruit has set, every two or three weeks till fruit is

three-quarters grown. 3. Now use ammoniacal copper car-

bonate if needed, every two or three w^eeks.

BROWN ROT:

See under Peavh.

BLACK KNOT.

See under Cherrv.
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Potato.
POTATO BEETLE:

1. Paris green or Arsenate of Lead as soon as insects are seen.

2. Repeat whenever needed.

POTATO STALK BORER:

1. Gather and burn all stalks after gatherinj;- the crop.

EARLY BLIGHT OR LEAF SPOT:

1. Bordeaux mixture when plants are half grown. 2. Repeat 1

every two or three weeks.

POTATO ROT:

1. Bordeaux mixture about the middle of July. 2. Repeat 1 every

two weeks.

SCAB:

Soak seed potatoes in corrosive sublimate 1 ounce, water 8 gal-

lons, for one and one-half hours before cutting them.

LATE BLIGHT OR MILDEW:

1. Bordeaux mixture when the disease appears. 2. Repeat 1

whenever needed.

Quince.
CURCULIO:

1. Jarring as for Plum Curculio.

LEAF BLIGHT:

1. Bordeaux mixture before flower buds open. 2. Repeat 1

when fruit has set, and every two or tliree weeks until fruit is

three-quarters grown. 3. Ammoniacal cop])er carbonate later,

if needed.

FIRE BLIGHT:

See under Pear.

Raspberry, Blackberry, Dewberry.
SLUG:

1. Paris green or Arsenate of Lead when insects first appear.

2. Repeat 1 two weelvs later unless fruit is nearly ripe.

SNOWY TREE-CRICKET:

Cut off and burn twigs pierced, during the winter, to destroy the

eggs in them.
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ANTHRACNOSE:

1. Cut out all badly diseased canes. 2. Copper Sulphate solution

before the buds 0})eu. 3. Bordeaux mixture after growth has

commenced. 4. Kepeat 3 ever}' two or three weeks till fruit is

two-thirds ripe.

ORANGE RUST:

1. (,'ut out and burn all diseased plants. 2. Get 3'our neighbors

to do the same.

Rose.

APHIS AND LEAF HOPPERS:

]. Kerosene Emulsion, strong soap suds or tobacco water as often

as needed.

PLUGS:

Dust with quick lime.

RED SPIDER:

Syringe with clear water. If very abundant, Kerosene Emulsion.

BLACK SPOT:

Spray once a week with ammoniacal copper carbonate.

r.IILDEW:

1. Spray with Bordeaux mixture or ammoniacal copper carbonate

as often as necessary. 2. In greenhouses, fumigate with sul-

phur.

RUST:

1. Destroy all affected portions. 2. Gather and burn dead leaves

in the fall. 3. Ammoniacal copper carbonate after leaves

open.

Strawberry.
SLUG:

See under Raspberry.

WEEVIL:

No good remedy.

I-EAF BLIGHT:

1. Bordeaux mixture after the crop is gathered. 2. Repeat 1

when leaves oj;en in the spring. 3. Repeat 2 just before blos-

soms open.

62
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Tomato.
TOMATO WORM:

1. Hand picking. 2. Paris green or Arsenate of Lead, as needed,

till frnit begins to turn in color.

CORN WORM:

See under Corn.

FLEA BEETLE:

Paris green or Arsenate of Lead as often as needed.

LEAF BLIGHT:

1. Bordeaux mixture as soon as disease is discovered. 2. Re-

peat 1 every week or ten days.

ROT:

Same treatment as for Leaf Blight.

Violet.

RED SPIDER:

See under Rose.

BLIGHT SPOT:

Bordeaux mixture when disease appears. Repeat every ten days

when blossoms are not present. 3. Remove affected leaves.

Wheat.
HESSIAN FLY:

1. Plant a trap piece about August 1st. 2. Plow under about

September 10th, and plant main crop after September 20th.

See Report of Department for 1898.

WHEAT MIDGE:

1. Plow deep soon after harvest. 2. Carefully sweep up and burn

chaff and ''tailings" after threshing. See Report of Depart-

ment for 1898.

APHIS:

No good treatment. See Report of Department for 1898.

FORMULAS.

PARIS GREEN.

Parts. Per bbl.

Paris green, 1 lb. | lb.

Quick lime, 1 lb. ^ lb.

Water 200 gals. 50 gals.
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This is too strong' for the peach, wliere 2^ oz. each of Paris green

and quick lime should be used instead of ^ tb. Keep the mixture

well stirred while using. To make it, mix the Paris green and the

lime and add enough of the water to slake the lime, stirring while

hot, then add the rest of the w^ater.

Good Paris green gives far better results than the cheaper grades.

ARSENATE OF LEAD.

This is a comparatively new insecticide, its value having only be-

come knowm within a few years. It has several advantages over

either Paris green or London purple, the chief ones being that it re-

mains more easily suspended in water, thus requiring much less

stirring up during the spraying; that it shows plainly on the leaves,

indicating where the sj)ray has reached, and where it has not; and
that large proportions may be used without danger of burning the

kaves. It is, therefore, especially useful where the leaves are j^ar-

ticularly sensitive.

Parts. Per bbl.

Arsenate of soda, 4 oz. 2 oz.

Acteate of lead, 11 oz. 5^ oz.

Water, 100 gals. 50 gals.

These two substances, when placed in the water dissolve rapidly,

and combine, forming a fine white sediment which is the Arsenate of

Lead. It can also be purchased ready for addition to the water, but

it is usually better w^hen prepared as above. It is as cheap, or in

the end cheaper than Paris green, as it stays much longer on the

trees before being washed ott' by the rains. Some persons advise

the addition of two quarts of molasses to each hundred gallons of

the water, but the benefit to be derived from this is questionable.

WHALE OIL SOAP.

Parts. Per bbl.

Whale oil soap, 2 Tbs. 80 lbs.

Water, 1 gal. 40 gals.

This is much stronger than Kerosene Emulsion and should only

be used during winter, when the trees are not growing. It can bo

used for insects which cannot be killed by Kerosene Emulsion. In

spraying for the San Jose Scale in the fall (see under Peach), it

should be used at the rate of one pound to a gallon of water; in the

sj)ring before the buds open, or for winter work, it can be used as

above given.
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KEROSENE EMULSION.

Parts. Per bbl.

Hard soap (shaved fine), ^ fb. 1 lb.

Water, 1 gal. 2 gals.

Kerosene, 2 gals. 3^ gals.

Dissolve the soap in the water, which should be boiling, and while

it is very hot pour the suds into the kerosene; then churn it with a

spray pump till it changes to a creamy mass, and then to a soft, but-

ter-like substance. This should keep for some time. When it is

desired to use it, add one quart of it to nine times as much water,

mix well, and spray the plants. The water should be soft water, or

else have some soda added to it.

For the Four-lined Leaf bug take one part of the Emulsion and

five parts of water.

TOBACCO WATER.

Place tobacco stems or refuse tobacco in enough hot water to

cover; let stand several hours. Take one part of this to three or

four of water, and spray over the plants.

CARBON BISULPHIDE.

To be obtained of druggists at about thirty cents per pound. In

using, avoid bringing it near fire or even hot steam pipes, as it

catches fire easily. Avoid breathing it also.

HELLEBORE.

May be applied either as a powder or in water. If used as a

powder it may advantageously be mixed with an equal amount of

flour, which causes it to remain better on the leaves. For use with

water one ounce of fresh Hellebore is mixed with three gallons of

water.

INSECT POWDER.

Insect powder is sometimes sold under the names of Pyrethrum

and Bubach. It may be applied as the dry powder, when the plant

i« wet with dew. It may also be mixed with flour and used in that

way, or it may be used in an alcoholic solution as follows:

Insect powder (by weight), 1 part.

Alcohol (by weight), 4 parts.

Put the two in a tight vessel and leave there for eight days,

shaking it occasionally; then filter and spray over the plants.
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It should be remarked that lusect Powder is only of value when

fresh and of full strength. Unfortunately it is difiicult to obtain it

fresh, and much of it is so adulterated as to be practically worth-

less.

LIME.

Lime is often of much value as an insecticide, either as white-

wash, sometimes with enough Paris greed added, to give it a slight

greenish tinge, or as quick lime to be dusted onto the insects.

When used in the preparation of Paris green it is added to combine

with the free arsenic present, which would burn the leaves, if left

uucombined.

NORMAL OR 1.6 PER CENT. BORDEAUX MIXTURE.

Copper suli:>hate (blue vitriol), 6 pounds.

Quick lime (good stone lime), 4 pounds.

Water, 50 gallons.

Dissolve the copper sulphate by putting it in a bag of coarse

clothing and hanging tins in a vessel containing 4 to 6 gallons of

water. Use an earthen or wooden vessel. After the copper sul-

phate is dissolved, dilute with water to 25 gallons. Slake the lime

and add 25 gallons of water. Mix the two and keep thoroughly

stirred while using. If the mixture is to be used on peach foliage,

it is advisable to add two i)Ounds more of lime to the above formula.

BORDEAUX MIXTURE AND PARIS GREEN.

Mix 4 ounces of Paris green as j)rei)ared above, with 50 gallons

of normal Bordeaux mixture.

AMMONIACAL COPPER CARBONATE.

Cojiper carbonate, 4 ounces.

Ammonia, 3 pints.

Water, 45 gallons.

Make a paste of the copper carbonate with a little of the water.

Dilute the ammonia with 7 or 8 times its bulk of water. Add the

I)aste to the diluted ammonia and stir until dissolved. Add enough
\^ater to make up to the 45 gallons. Let it settle and use the clear

blue liquid only. Do not make this up long before using as it loses

its strength on standing. It is used when the fruit is so nearly ripe

that Bordeaux mixture would produce stains if it were used.
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POTTASSIUM SULPHIDE SOLUTION.

(Liver of Siilpliui-.)

Totassiuui sn]i)liide, i to 1 ounce.

^^'atel•, 1 «^allon.

Particularly good for surface mildews but loses its strength upon
standing, so should be used at once after making.

SULPHATE OF IRON AND SULPHURIC ACID SOLUTION.

Water (hot), 100 parts.

Iron sulphate (gi-eeu vitriol), . . . .as much as the water will dissolve,

t^ulphuric acid (commercial), 1 part.

Make the mixture with much care, as heat is produced. Use on

I»!ants when dormant only, applying with brushes or sponges, as

the solution is injurious to spra^diig machinery.

CORROSIVE SUBLIMATE.

This dissolves slow'ly and but slightly in w'ater. The process may
be hastened by heating the water.

GENERAL REMARKS.

In the treatment of fruits by sprays it should be remembered that

the substances used are in almost every case poisonous. It is ac-

cordingly necessary to avoid spraying at times when fruit is nearly

ripe, both on account of the possibility of placing poison on the fruit

just before it is picked, and because of the danger of staining it, as

would be the case if certain solutions were used.

iSpraying solutions often need to be carefully strained, and it is

advisable to do this when putting them into the barrel or other re-

ceptacle from which they will pass through the spray pump. Noz-

zles will clog from larger lumi)s in the fluid, and care should be

taken to avoid this as far as possible. Every pump should have an

agitator attached to keep the mixture well stirred in the barrel, and

it should not be expected that the same nozzle will do first class

work with every spraying mixture given. Some nozzles are especi-

ally adapted to one kind of spray, and others to other sprays.

Above all, an intelligent knowledge of what is causing the injury,

and exactly hov>' and when to take the proper steps to control it,

should be one of the ingredients addi^I to everv formula here given.
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Tubercle bacillus, postmortem evidence. 133
Tubercle bacillus, solution of problem of, 140
Tubercle organisms, species of root 372
Tubercle production, relation of soil to, 374

W.

"VTater, pure, analyses of 207
Water, impure, analyses of 208
Weights and measures 1003
Wells, domestic pollution of 205
Wells, domestic, causes of their pollution, 206

Zoology, Report of Division of 171
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